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Ilocesimaemcsi naMsimu Hzopn CoAoeii^oea, 
odHoso U3 coadameAeu AHaAumuuecKou Teopuu BosMyiu^eHuu. 



I. BBe^eHHe 



TeopHa B03MymeHHH b KX/J b oSjiacTH npocTpaHCTBeHHO-nofloSnbix nepe^a^ 4-HMnyjibca 
(Q^ = —q^ > — B flajibHennieM Sy^eivi nasbiBaTb 3Ty o6jiacTb eBKjiH^OBoii) ocHOBana na 
pasjioJKeHHax b pfl^bi no CTenenHM 3(J)(J)eKTHBHoro aapa^a (hjih 34)4)eKTHBHOH KOHCTanTbi 

CB5I3h) as(Q^), KOTOpblH B OflHOneTJIGBOM npnGjIHJKeHHH HMeeT BHfl 

,^n, 47r 47r 1 , , 

2 

c ho = 11 — 2^/5 L = ln((5^/A^), r;i;e = Aq^^j^, a "HopMnpoBanHbrn" aapa^i; a[L] 
y^IOBJieTBopaeT ypaBHenHio penopMrpynnbi (PF) [H, 3| 



da[L] 
dL 



-a 



{l + cia + C2a^ + ..) . (1.2) 



S^ecb Ci = &1/&0 II C2 = &2/&0 — BcnoMoraTejibHbie napaMeTpbi paajioJKenHa (cm. npHjio- 
acGHHe [All . O^HoneTjieBoe (npH Ci = C2 = 0) pemeHne SToro ypaBnenHa ecTb npocTO 1/L h 
OHO, KaK BHflHO, HMecT CHHryjiapHOCTb B BHfle nojiioca B TOHKe L = 0, naabiBaeMyio nojiio- 
coM JlaHflay. Ho btoh npn^HHe npHMeHenne TeopHH BoaMymeHHH b oSjiacTH najibix nepe^aM 
HMnyjibca ~ A^ hjih L -C 1 3aTpy;i;HeH0, TaK hto xapaKTepncTHKH aflpoHHbix npoH;eccoB, 
paccHHTbiBaeMbie b KX^ na napTOHHOM ypoBne b bh^g pasjiojKeHHH b pa^bi ho CTenenaM 
34)4)eKTHBHoro aapafla, ne aBJiaiOTca BCio;i;y xopomo onpeflejienHbiMH BejiHHHHaMH. 

B CBoe BpeMa noaBjienHe TaKoii CHHryjiapnocTH b 0, 0|, HasBaHHoii "npHspaHHoii" 

H3-3a OTpHn,aTejibHOCTH BbiHGTa B noaBjiaiomeMca nojiioce nponaraTopa, Sbijio npoHHTep- 
npeTHpoBano KaK yKaaanHe na npoTHBope^HBOCTb KBanTOBOH TeopHH HOJia. O^naKO, KaK 
Sbijio HOKaaano b paSoTe 0|, 3to Bcero jihihb CBH^eTejibCTByeT o HenpHMenHMOCTH tgo- 
pHH B03MyHi;eHHH B oSjiacTH, rfle napaivieTp pasjioaceHHa ne Maji. YKaaaHne na to, hto STa 
CHHryjiapHOCTb ne HacToainaa cjie^yeT TaKJKC h3 HsyneHHa xapaKTcpa stoh cnnryjiapHOCTH 
B BbiciHHx HpnSjiHJKeHHax. PaccMOTpHM, HanpHMcp, flByxHCTJieBoe ypaBHCHHC (II. 2p c Ci 7^ 
H C2 = 0. B5jih3h CHHryjiapHOCTH a[L] 3> 1 h HOSTOMy ypaBHenne mojkho HepenncaTb b bh^c 
da[L\/dL ^ — cia^, ^to HCMe^JieHHO onpe^ejiaeT HOBe^eHne 34)4)eKTHBHoro 3apafla b6jih3h 
CHHryjiapHOCTH npn L ^ 1: 

Mbi bh;i;hm, hto thh cnnryjiapHOCTH H3MeHHJica: bmccto HOJiioca HoaBJiacTca TOHKa bctbjic- 
HHa THHa a npn yncTC BKJia;i;oB bbichihx HCTCJib CTenenb cnnryjiapHOCTH OHCBH^HbiM 

o6pa30M yMCHbrnaeTca Bce CHjibnee (na caMOM ^ejie, ona npocTO pabna 1//, r^e / — hhcjio 
ncTCJib). 

HoaBjieHHe TaKiix "npH3paHHbix" CHHryjiapHOCTeii c TeopeTii^ecKoii to^kh 3peHHa npo- 

THBOpCHHT npHHn,Hny npiI^HHHOCTH KBaHTOBOii TeopHH HOJia 0, S|, HOCKOJIbKy ^ejiaCT CHCK- 

TpajibHoe Hpe;i;cTaBj[eHHe MejiJiena-JleMaHa HeB03M0JKHbiM. C flpyrofl CTopoHbi, oho TaK- 
JKC ocjiojKHaeT OHpe;i;ejieHHe 3(J)(J)eKTHBHoro 3apa;i;a KX^ bo BpeMeHHOHOfloGnoH oGjiacTH 
{q^ > 0). C MOMCHTa HoaBJienna KX^ MHorne HCCJieflOBaTCJiH HbiTajiHCb onpeflCJiHTb coot- 
BeTCTByioiH;HH 34)4)eKTHBHbiH 3apafl B oSjiacTH BpeMCHHOHOfloSHbix Hepe^an 4-HMHyjibca (b 
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flajibHeiinieM Sy^eivi roBopHTb "oSjiacTb MnHKOBCKoro") , KOTopbifi SbiJi 6bi npHro^^en j^jisi onn- 
caHHa npoii;eccoB Tnna e"'"e~-aHHHrHJiaii;HH b a^poHbi, pacnanoB KBapKOHneB h r-jienTOHOB b 
a;i;poHbi, H T. n. MHorne TaKHe nonbiTKH, cm., Hanpniviep, [s, 10, 11|, ncnojibSOBajiH anajiHTH- 
^ecKoe npoflOJi>KeHHe 34)4)eKTHBHoro aapa^a h3 rjiySoKO eBKjiH^OBoii oSjiacTH, r^e xopomo 
pa6oTajia Teopna BOSMymenHii KX/J, b o6jiacTB MnHKOBCKoro, r^e npoBO^HjiHCB peajiBHbie 



SKcnepHMeHTbi: as{Q 



aJs 



C Te^eHHCM BpeMGHH CTajio flCHO, HTO B HH(J)paKpacHOH (HK) oSjiacTH Majibix SHane- 

HHii 34)4)eKTHBHbIH Sapjlfl CtsiQ'^) MOJKeT HMeTb yCTOHHHByiO HenO;i;BH>KHyiO TOHKy H 

nepecTaTb BoapacTaTb. TaKoe noBeflenHe oanaHajio 6bi, hto npn oneHb iviajibix HMnyjibcax b 
OKpecTHOCTH 3T0H TOHKH ii;BeTOBbie CHJibi HacbiinaiOTca H rjiiooHbi nepecTaiOT BH^eTb KBapKH 
KaK ii;BeTHbie oGteKTbi, nocKOJibKy BOcnpHHHMaiOT hx KaK ii;ejioe KBa3H5ecii;BeTHoe cocToa- 
HHe. TaK, KopHBeji |12| b mo^gjih c KOH^encaitHeH BHxpeii Hsy^Hji 4)opMHpoBaHHe 3(|)(|)eK- 
THBHoii Maccbi y rjnoona, KOTopoe npHBO^HT k TaKOMy nacbimeHHio 3(|)(|)eKTHBHoro aapfl^a 
H flejiaeT ero ana^eHHe KonenHbiM b nojiioce Jlan aay . HoxoiKHe nonbiTKH npeflnpHHHMa- 



jiHCb npH Hsy^eHHH ^pyrnx MOflejieii |13l . 114 1151 . Il6l |. npH^eM BCiOfly rjiiooH npHo5peTaji 
3(|)4)eKTHBHyio Maccy, KOTopaa nrpajia pojib HK peryjiHTopa CHHryjiapnoro noBe^eHHa scj)- 
(|)eKTHBHoro aapa^a b oSjiacTH Majibix HMnyjibcoB. B paSoTe [l7| SbiJio noKaaano, hto TaKaa 
HK aainHineHHaa MO^ejib 3(J)(J)eKTHBHoro 3apa;i;a MOJKeT 5biTb CBaaana c (|)opM(J)aKTopoM 
CyflaKOBa, no;i;aBJiaioiii;HM HSJiyneHHe MarKHX tjiioohob, TaK hto rjiiooHbi c flJiHHOfl bojihm, 
npeBbimaiomeH neKOTopyio xapaKTepnyio (nenepTypSaTHBHyio) ;i;jiHHy bojiem, ne MoryT paa- 
jiH^aTb HH^HBH^yajibHbie KBapKH BHyTpH 6ecn,BeTHoro a^poHHoro cocToanHa. 



HapajiJiejibHO c bthmh pa6oTaMH Pa^ioniKHH |18l |^ h KpacHHKOB h HHBOBapoB [l9|, hc- 
nojibsya HHTerpajiBHoe npeoGpaaoBanHe 4)yHKn,HH A^jiepa D{Q'^) b OTHomenHe cenenHH 
R{s) = a (e^e~ — *• a^poHbi) /a {e~^e~ — > nojiy^HjiH anajiHTHHecKHe BbipajKCHHa ^jia 

oflHoneTJieBoro 34)4)eKTHBHoro 3apa;i;a (h ero nepBbix CTeneHeii) cpaay b o6jiacTH Mhhkob- 
CKoro (aa no;i;po6HOCTaMH OTCbiJiaeivi sanHTepecoBaHHoro HHTaTejia k pa6oTaM 20, 21. [2^). 
3tot THn aHajiHTH3aii;HH 34)4)eKTHBHoro 3apa;i;a b KX^ bo BpeMeHHono;i;o6HOH oSjiacTH 5biJi 
nepeoTKpbiT noaace b no;i;xo;i;e nepecyMMnpoBanna 4)epMH0HHbix nysbipen BeneKe h Bpay- 
HOM 23|, a TaKJKe Bajib, BeneKe h BpaynoM 23|, npH^eivi b nocjieflHefl pa6oTe b CBaan 
npHjiojKGHHaMH K pac^GTy niHpHHbi pacna^a r — > z/r+a^ApoHbi. 

CncTeMaTHHecKHH no^xo^, HasBiBaeMbiH AnajiHTH^ecKoii Teopneii BosMymenHii (ATB), 
noaBHjica h yTBep^Hjica b nocjie^Hee ^ecaTHjieTHe Sjiaro^apa paSoTaM, HHHn,HHpoBaH- 

HblM n>KOHCOM H CojIOBn,OBbIM, IIlHpKOBbIM H CojIOBn,OBbIM, MhJITOHOM H CojIOBn,0- 



BbiM |25l . l26l . l27l . l28l . l29l . l30l | . FjiaBKbiMH oSi-eKTaMH b stom no^xo^e aBJiaiOTca cneKTpajib- 
Hbie njiOTHOCTH, c noMombK) KOTopbix anajiHTHHecKHH 94)(|)eKTHBHbiH aapa^i; h ero ii;ejibie 
CTensHH onpeflejiaiOTca b eBKJiHflOBon oSjiacTH b BH^e flncnepcHOHHbix HHTerpajiOB. Te me 
cneKTpajibHbie hjiothocth ncnojibsyiOTca ^Jia nocTpoenna 3(|)(|)eKTHBHoro 3apa;i;a h ero CTe- 
neneii b oSjiacTH MnnKOBCKoro c noMonibio jHcnepcHOHHoro cooTHomenHa, CBasBiBaiomero 
D-4)yHKn,Hio Afljiepa h i?-OTHomeHHe |27l. l3l|. 3th HHTerpajiBHbie HpeoSpaaoBanna, HasBan- 
Hbie IIlHpKOBbiM R- H I?-onepaii;HaMH^ (cm. cjieflyioin;HH pa3;i;eji), ^aiOT B03M0>KH0CTb onpe- 

^ejIHTb OflHOBpeMCHHO aHajIHTHHCCKHH 3(J)(J)eKTHBHbIH 3apafl KaK B CBKJIHflOBOH o6jiaCTH 



^ 9Ta pa6oTa 6biJia ony6jiHKOBaHa 26 (jseBpajia 1982 r. b BUflfi npenpHHTa 0H5IH, E2-82-159, saieM 

nocjiana ^jia ny6jiHKaLi,HH b jKypnaji Physics Letters B, ho 6biJia OTBeprnyTa pe^aKiiHeii. 
^ /J. B. niHpKOB oGtHCHHeT TaKHe o6o3HaHeHHH flBoiicTBeHHo: Hpeo6pa30BaHHe D cBasano c £'-(|)yHKLi;Heii 
Afljiepa H c pa6oTOH /JoKmniiepa c coaBTopaMH [s^l, a Hpeo6pa30BaHHe R HBjiaeTCfl o6paTHbiM (reverse) 
HO OTHomeHHK) K Hpeo6pa30BaHHio D, HO TaKJKe CBaaano c HMenaMH Pa^ioniKHHa [18i |. KpacHHKOBa h 



nHBOBapoBa [iqI . 
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3HaHeHHH KBaflpaTOB nepe^an HMnyjibca, TaK h b oSjiacTH MnHKOBCKoro. 

BcKope SbiJiH pasBHTbi anajiHTHHecKHe h HHCJieHHbie MeToabi, HeoSxoaHMbie ji^jisi pac- 



HGTOB B flByx- H TpexneTJiGBbix npHSjiHJKeHHax 
npHMenen ^jih pacneTa xapaKTepncTHK pa^a aj 
HHKjiio3HBHoro pacna^a r-jienTona b a^poHbi [2 



331 . 134 l35l . I36l . I37l . I38l | . 3tot no^xofl SbiJi 
)OHHbix npon,eccoB, b tom ^hcjig niHpHHbi 



39l . I40l |. saBHCHMOCTH OT BbiSopa cxeMbi 



H MacniTaSa nepenopMnpoBOK b npaBHjiax cyMM BbopKena |41l | h Fpocca-JleBejiJiHH Cmh- 



Ta 



4^ . niHpHHbi pacna^a T-Meaona b a^poHbi [43||, h t. n. Bojiee Toro, ATE 6bijia npHMenena 
TaKJKe j^jisi anajiHsa npoii;eccoB, b KOTopbix HMeeTca He o^hh, a flba iviacniTaGa, a hmghho: 
nepexoflHoro 7*7 — » Tr-cbopMcbaKTopa |44l . |45| h sjiexTpoMarHHTHoro (J)opM(J)aKTopa nnona 



B 0(Q;g)-nopa;i;Ke |44l. l45l. l4' 



CyMMHpya, mojkho CKaaaTb, hto stot anajiHTHHecKHH noflxofl (cm. oSaopbi |2ll . l47l . l48l |) 



^aeT flocTaTOHHO paayMHoe onncaHHe a^poHHbix BejiHHHH b KX^, xoth hmgiotch KaK CKen- 



TaK H ajiBTepnaTHBHbie 



TH^eCKHG MHeHHfl Ha 3T0T CHGT 

jiapnocTH 3(J)(|)eKTHBHoro aapa^a b KX^ [32|, l50 



51,^ 



bi K TpaKTOBKe CHHry 



5^, M, H m, [ei 



B 



HaCTHOCTH, B OTHOmeHHH TJiySOKO HH(|)paKpaCHOH oSjiacTH < 

MOKGT CTaTb Ba>KHbiM noflBjiGHHe HGHyjieBbix aflpoHHbix Mace 
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ej. Kpo 



B KOHGHHOM CHGTe, 

Me Toro, noflxofl 



ATE HMeeT CTporne orpanHHenHa b npnjiojKeHHH k onncaHHio KX/^-npoii;eccoB, nocKOJibKy 
HeaBHO noflpaayMeBaeT, hto eflHHCTBeHHbiMH BejiHHHHaMH, nofljieacainHMH aHajiHTH3aii;HH, 
aBJiaiOTca 3(|)(|)eKTHBHbiH aapaj (} «(Q '^) h ero nejibie CTensHH [oigiQ'^)]"^ ■ 



Ho, KaK SbiJio noKaaano b |63l . 164 l65l . l66l . l67l . l68l |. TpexTOHennbie 4)yHKii;HH, TaKne, na- 
npHMep, KaK HcnojibsyeMbie npH onncanHH ajieKTpoMarHHTHoro (J)opM(J)aKTopa nHona hjih 
nepexo^Horo 7*7 — > 7r-(J)opM(J)aKTopa, b cjie^yromeM aa Be^ymnM nopa^Ke KX/]^-TeopHH bo3- 
MymeHHH co^ep>KaT jiorapH4)MH^ecKHe BKjia^bi, CBaaannbie c ^onojiHHTejibHbiM MacmTa6oM 
(J)aKTopH3an,HH. 3th jiorapHcJjMbi, xoTa h ne BjiHaroT na CHHryjiapnocTb Jlan^ay, BH^OHSMe- 
HaK)T nepTyp6aTHBHyK) cneKTpajibnyK) njiOTHOCTb, HcnojibayeMyro b ATBgjia npoBe;i;eHHa 
aHajiHTH3aii;HH. Hmghho stot (|)aKT npHBeji KapaHHKaca h CTe(J)aHHca (goI . [7o| k npe;i;jio- 
jKeHHK) pacmnpHTb KOHii;enii;HK) aHajiHTH3aii;HH (flncnepcHOHHoro npe^CTaBJieHHa) c ypoBHa 
34)4)eKTHBHoro 3apafla h ero CTeneHefl na ypoBenb KX^-aMnjiHTy;i; b ii;ejiOM.^ HpHMeHeHHe 
TaKOH KOHii;enii;HH aHajiHTH3aii;HH TpeSyeT o6o6iii;eHHa hcxoahoh ATE na ;i;po6Hbie CTenenn 
34)4)eKTHBHoro 3apa;],a, a TaKJKe na hx npoH3BefleHHa co CTenenaMH jiorapHcJ^MOB. 

Ctoht OTMeTHTb, HTO flpoSnbie CTeneHH sc^Dc^DeKTHBHoro 3apa;],a Sbijih paccMOTpenbi neaB- 



HO B 
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, 2^.^ HeoSxo^HMoe ^Jia KX/^ o5o5meHHe ATE na ^poSnbie CTenenH 34)(|)eKTHBHoro 
3apa;],a, Ha3BaHHoe JpoSHO-AHajiHTHqecKon TeopHen Eo3MymeHHH (/l^ATE), Sbijio ne^aB- 
HO npoBejeno b (tsI . 76| (b KanecTBe KpaTKoro BBe^eHna — cm. [t^I), a 3aTeM npHMeneHO 
B [78| p^Jin aHajiH3a 4)aKTopH3yeMoro BKJia;i;a b sjieKTpoMarHHTHbiii (|)opM(|)aKTop nnona 
(cm. TaKJKC HeflaBHHH o53op [79|). Kap^iHHajibHbiM npeHMymecTBOM ^ATE b stom cjiynae 
CTajio yMCHbineHHe 3aBHCHM0CTH nepTypSaTHBHbix pe3yjibTaT0B ot BbiSopa SHaneHHa Mac- 
mTa6a (J)aKTopH3an,HH. 3to nanoMHHaeT pe3yjibTaTbi npHMeneHHa ATE ^jia aHajiH3a Toro 
me 4)opM4)aKTopa nnona b 0(ag)-nopaflKe, r^e pe3yjibTaTbi TaKJKC npaKTHHCCKH nepecTa- 



jiH 3aBHceTb OT BbiSopa cxcMbi nepcHopMHpoBKH H ee MacniTaGa |46l | (KpaTKoe H3Jio>KeHHe 



CM. B [77|, Isd, ISlI, l82|, l83|). E paSoTC [76|| b paMKax /JATE p^jisi o6jiacTH Mhhkobckoto 6bi- 



^ Bojiee TOHHO, b pa6oTax 69, 7C| H3y^^aJIacb anajiHTHsaiiHH 06'beKTOB rana J^dxJ^dy ag (Q'^xy) f{x)f{y), 

KOTopbie MOJKHO TpaKTOBaTb KaK 94)4)eKTHBHbiii yHGT jiorapHcjjMHHecKHx BKjiaflOB, noaBjifliomHxca b cjie- 

flyiomeM 3a BeflymnM nopaflKe TeopHH BOSMymeHHH KX/J. 
^ 3flecb HHTepecHO BcnoMHHTb paHHHe nonbiTKH Hay^aTb cneKTpajibnyio njiOTHOCTb, OTBeHaromyio flpo6HOH 

CTeneHH scjjcjseKTHBHoro sapa^a b [tHI- no^o6Hafl cneKipajibHaa njiOTHOCTb 6biJia sanoBO nepeoT- 

KpbiTa OsMe B KX/i; Q- 
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jio npoBe^eHO HayneHHe npoii;ecca pacna^a xHrrcoBCKoro Soaona b napy 65-KBapKOB. XoTa 
oSjiacTb 3HaHeHHH 3HeprHH B CHCTCMe ii;eHTpa Mace, HHTepecnaa ^Jia SKcnepHMeHTa, sflecb 
oneHb BejiHKa, -y/s ~ 100 FsB, t. e. a^ecb He cjie^yeT ojKHflaTb aaMeTHbix otjihhhh ^ATB 
OT CTaH^apTHoii TB KX/I, tgm ne Menee, HHTepecHO Sbijio npoBepHTb BjiHanne nepenoca 

TT^-BKJia^OB H3 K0 9cbcb HU,HeHT0B, nOCHHTaHHblX B CTaH^apTHOM nOflXO^e HeTbipKHHbIM c co- 

aBTopaMH (s^. [ssl. 86 b 0(ag)-nopflflKe, b aHajiHTHSHpoBanHbiii 34)4)eKTHBHbiH aapa^ 2li h 
ero CTeneHH 21^ (Sojiee to^ho, b ^i+u h '^n+u, cm. no;],po6Hee b j?^ h b paaiiejie IVT) . Peayjib- 
TaTbi paSoTbi noKaaajiH, hto OTJiHHna ;i;eHCTBHTejibHO neBejiHKH, Menbine hjih nopaflKa 2%. 



B 3T0H pa6oTe mm nonbiTaeMca nocjieflOBaTejibHO paccKaaaTb o6 ochobhmx sjieMGHTax 
rjio6ajibHOH Bepcnn ^ATB, b KOTopofi yMHTbiBaiOTca noporn TajKejibix KBapKOB, htoSm ;i;aTb 
HHTaTejiK) B03M0JKH0CTb npHMGHaTb GG Ha npaKTHKC fljia pacMCTOB peajibHbix npoii;eccoB. 
Hpn 3T0M caMa ^ATB Sy^eT ocBemena ;i;ocTaTOHHO cjKaTO, nocKOJibKy 5ojiee nojiHbiii oSaop 



ocHOBaHHH /JATB Sy^eT ^an b roTOBameiicH coBMecTHofi ny5jiHKan,HH aBTopoB /JATB 75 



76 . Hjian H3Jio>KeHHa TaxoB: 



@ Bo BTopoM pa3;i;ejie flaeTca KpaTKHH o63op ochobemx nojiojKeHHH ATB na npHMepe 
pacHGTa D-(J)yHKii;HH Afljiepa b npocTpaHCTBeHHonofloGHoii oSjiacTH h ee ;i;BOHHHKa bo 
BpeMeHHonofloSnoH oSjiacTH — i?-OTHomeHHa e'''e~-aHHHrHjian,HH. Mbi KpaTKO o5cy>K- 
flaeM (J)opMajiH3M ATB b o;],HoneTjieBOM npH5jiH>KeHHH ^jia cjiynaa (|)HKCHpoBaHHoro 
HHCJia apoMaTOB, 3aTeM nepexo^HM k Bonpocy o5 y^eie noporoB Ta>Kejibix KBapKOB b 
ATB H nocTpoeHHK) Tax Ha3biBaeM0H "rjioSajiBHoft" ATB. 

@ B cjieflyiomeM pa3flejie o6cyjKflaeTca nenojinoTa ATB h b KanecTBe cnocoSa nonoji- 
HGHHa npe^JiaraeTca /JATB. HpHBO^aTca ocnoBHbie (J)opMyjibi /JATB, OTBeHaiomeii 
Nf = 3, H o5cy>K;],aeTca nocTpoenne rjioSajiBHofi BepcHH /l^ATB, b KOTopoii y^HTbiBa- 
lOTca noporH Ta>Kejibix KBapKOB. 

MeTBepTbiH pa3fleji nocBainen pacneTy (|)aKTopH3yeMOH nacTH 4)opM4)aKTopa nnona 
B rjioSajiBHoii /JATB. KpaTKO o5cy>KflaiOTca pe3yjibTaTbi nojiynenHbie b ATB (cyme- 
CTBGHHoe CHH>KeHHe 3aBHCHM0CTH pe3yjibTaT0B OT BbiSopa cxeMbi H MacniTaSa nepe- 
HopMHpoBKn), nocjie nero paccMaTpHBaeTca 3aBHCHM0CTb pe3yjibTaT0B ot MacniTaSa 
(|)aKTopH3an,HH b rjioSajiBHon /l^ATB, a TaK>Ke nepexofl b oSjiacTb Mhrkobckofo h 
pojib flHcnepcHOHHoro npeflCTaBJienna b stom nepexo;i;e. 

@ B naTOM pa3p,ejie paccMOTpen pacneT mnpHKbi pacna^a -^hh-B rjioSajibHofl /JATB. 
noKa3biBaeTca, hto b to BpeMa KaK pe3yjibTaTbi /JATB c Nf = 5, OTBe^aiomHe ne- 
penocy vr^-BKjiaflOB h3 K03(J)(J)Hn,HeHT0B TeopHH B03MymeHHH b anajiHTHHecKHe scj)- 
(|)eKTHBHbie 3apaflbi, npeKpacHO corjiacyiOTca c pe3yjibTaTaMH CTaH^apTHOH TeopHH 
B03Myni;eHHH yjKe na ypoBne ;i;ByxneTJieBoro npnSjiHJKeHHa, pe3yjibTaT rjioSajibHofi 
^ATB OTJiHHaeTca ot hhx na ypoBHe 14%. 

® B cjie^yiomeM pas^ejie o5cy>KflaeTca cyMMHpoBanHe pa^oB ^n^n-A.n[L\ TeopHH bo3- 
MyHi;eHHH b ATB h ^ATB: 0Ka3biBaeTca, hto b cjiynae o^^HoneTJieBoii ATB TaKoe 



cyMMHpoBanne mojkho npoBecTH tohho 



87 



H Bbipa3HTb OTBeT B BH^e HHTerpajia ot 



— t] no t c BecoM -P(t), onpe;i;ejiaeMbiMH K03(J)(J)Hii;HeHTaMH nepTypSaTHBHoro pa- 
ji^a, dn- Mbi noKa3biBaeM, hto anajiornHHoe cyMMnpoBaHne mojkho npoBecTH h b cjiy- 
Hae oflHoneTJieBOH ^ATB. HojiyHeHbi Bce Heo5xo;i;HMbie (|)opMyjibi ^Jia yneTa noporoB 
KBapKOB B 3THX MeTO^ax cyMMHpoBaHHa fljia ATB h /JATB. 



5 



O B saKJiiOHeHHH cyMMHpoBaHbi ocHOBHbie BbiBOflbi paSoTbi, a BajKHbie TexHHHecKne fle- 
TajiH coSpaHbi B naTH npHJioaceHHax. 

Upem^e hgm npncTynaTb k co6cTBeHHO H3Jio>KeHHio, c^ejiaeivi noacneHHe o5 HcnojiBsye- 
Mbix o6o3Ha^eHHflx. Ho HCTopHnecKHM npH^HHaM, ^To6bi HMGTb npaMyio CBa3b c paSoTa- 
MH (tsI. [tgI. 78 1 H HTo6bi ynpocTHTb ocHOBHbie 4)opMyjibi, B Tex noflpasflejiax, r;i;e mm 5y;i;eM 
oScyjKflaTb cjiynan (J)HKCHpoBaHHoro SHaneHHa HHCJia aKTHBHbix KBapKOB (hjih 4)jieHBopoB 

Nf, Mbl SyflGM CHHTaTb OCHOBHbIM SJieMGHTOM TGOpHH H0pMajIH30BaHHbIH HO IIlHpKOBy 8 



H MnxafljiOBy [87| 3(J)(J)eKTHBHbm aapa^ a((5^)=&o«s(Q^)/(47r) h anajiHTHHecKHe oSpasbi 
Sy^yT CTpoHTbca ^jia CTeneneii hmghho btofo oS^beKTa: 

X„ = AeK]; 21„ = AmH. (1.4a) 

Hpn nepexo;i;e jkg k o6cy>KfleHHio rjio6ajibHOH BepcHH TeopHH, Kor;i;a (hjih s) MenaiOTca 
BO Bceii oSjiacTH snaHenHH [0, oo) h Nf 34)(|)eKTHBHO CTanoBHTca aaBHcamHM ot (hjih s), 

Mbl Sy^eM C^HTaTb OCHOBHbIM oSljeKTOM TeopHH CaM 34)4)eKTHBHbIH 3apa^ CtsiQ'^) H CTpOHTb 

aHajiHTH3an,Hio CTeneHeH 3Toro o5T.eKTa, t. e. mm Sy^eM CHHTaTb 

At' = Ae K] ; 2tr = Am K] . (1.4b) 

HtoSm pasjiHHaTb ^Ba Tnna bgjihhhh, mm bbgjih BepxHHii HH^eKC HaM TaK>Ke nonaflo- 
SaTca aapaflbi co CTaH^apTHOH HopMnpoBKoii npn 4)HKCHpoBaHHOM aHanenHH Nj: 

MQ-N,) . Ms^,N.) ^ ?!|); ^ . (1.4c) 

KOTopbie oSjia^aiOT ^HCHepcHOHHbiMH HHTerpajibHMMH Hpe^CTaBjieHHaMH CO cneKTpajibHM- 

MH HJIOTHOCTaMH Pn{(J', N f) = p„(cr)//5j. 

KpoMe Toro, mm nacTO 5y^eM oScyjK^aTb 3(J)(J)eKTHBHbie aapa^bi KaK (J)yHKn,HH ne 
HJIH s, a j[orapH4)MOB L = \n{Q^/A^) hjih Lg = ln(s/A^). B TaKHx cjiynaax mm Gy^eM 
HCH0Jib30BaTb Te me oSosHaneHHa aapa^OB, ho apryMCHT CTaBHTb ne b Kpyrjibix CKoSKax, 
a B KBa;i;paTHbix, t. e. nncaTb bmgcto a^(Q^), A,y{Q'^) h ^^{Q^) cjieflyiomHe BbipajKenHa: 



II. AHAJIHTHHECKA5I TEOPHM B03MyiIi;EHIIH 

B 3T0M pasflejie mm o6cy>KflaeM ocHOBHbie nojiojKenHa h BJieMenTbi ATB, cjie;i;ya b oc 



HOBHOM pa6oTaM IIInpROBa h Coj[OBii;oBa |48l . l88 



KaK yjKe roBopnjiocb bo BBe;i;eHHH, HananajibHOH MOTHBaii;HeH BBe^enHa hobmx scJ)- 
(J)eKTHBHbix aapaflOB Smjio jKejianne CBaaaTb paccHHTbiBaeMyio b gbkjih^^oboh o6jiacTH D- 
(|)yHKn,Hio Afljiepa h Bejin^nny Re+e- = o"(e+e~ — > aflpoHbi)/o"(e^e~ — > jJi'^jjL~), HSMepaeMyio 
B MHHKOBCKOH oSjiacTH. J^Jin OHpeflGJieHHa (|)yHKn,HH Afljiepa paccMOTpHM H0J[apH3an,H0H- 
Hbiii onepaTop 

n^.(g) = ^ j e'"" {\T{J^{x)JMm d'x (2.1) 

BeKTOpHMX KBapKOBMX TOKOB J^(x) = ^/'(x)7^^/'(x) . B KHpajIbHOM Hpe^^GJie, KOTfla Maccbi 

jierKHx KBapKOB paBHbi nyjiio, STa 4)yHKn,Ha saBHCHT tojibko ot o^hoh HepeMennoH = —q^ 
(> fljia HpocTpaHCTBeHHOHOfloSnbix q^) 

n^.(g) = M.-M')n(g'). (2.2) 
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B KX^ nojiapH3aii;HOHHbiH onepaTop Il{Q^) y;i;oBJieTBopaeT ;i;HcnepcHOHHOMy cooTHomeHHio 

C OflHHM BblHHTaHHeM, npHHGM oSblHHO BblHHTaHHe npOH3BOfl5IT B TOHKC = 0: 

n(Q^) = n(0)-o=r-?<4^ (2.3) 

Jo cr(cr + g^) 



c -R(cr) = Imn((T)/7r. OyHKi^na Afljiepa [89| onpeflejiaeTca b BH;i;e JiorapH4)MHHecKOH npo- 
HSBOflHoii nojiapH3aii;HOHHoro onepaTopa Il{Q'^), t. e. 



DiQ') = -Q' , (2.4) 
TaK HTO flHcnepcHOHHoe npeflCTaBJienHe nee 



He co^epjKHT BbiHHTaTejibHoii KOHCTanTbi n(0) h HHBapHaHTna OTHOCHTejiBHO npeoSpaao- 
BaHHH peHopMajiH3an,HOHHOH rpynnbi (PF). OyHKitHfl -R(s), nponopn,HOHajibHaa mhhmoh 
nacTH Imn(s), B 1-neTJieBOM npnSjiHJKeHHH CBaaana c OTHomeHneM ceHeHHH e'^e~- 

aHHHrHJi5iii;HH B a;i;poHbi h b . Ha ;i;HcnepcHOHHoro npe;i;cTaBJieHH5i (12 .Sap . paccMaTpn- 
BaeMoro b KOMnjieKCHofi hjiockocth nepeivieHHOH z, KOTopaa na ;i;eHCTBHTejibHOH nojioacn- 
TejibHOH nojiyocH coBna;i;aeT c Q^, n cbssh (12.41) HeMe;i;jieHHO cjie;i;yeT oSpaTHoe npe;i;cTaB- 
jienne 



R(s) = — f 

^ ' 21X1 y„ 



^dz, (2.5b) 
r^e HHTerpaji SepeTca B^ojib KOHTypa b KOMnjieKCHOH njiocKOCTH z, noKaaaHHoro na pHC. [H 



Im z 



-s + le 



-S — IS 



Re z = Q2 



Phc. 1: KoHTyp HHTerpHpoBannH fljiH i2-npeo6pa30BaHHH b (|2.11|) . 



05e 4)yHKn,HH Hsy^aiOTCH b CTaH^apTHoii TeopHH BOSMymenHH KX/J: 



^(Q',/i') = <(-"') ''-^ DiQ') = J2 dna^iQ' 

n n 



(2.6a) 
(2.6b) 



npH^GM 34)4)eKTHBHbie sapiiffbi a™(/i^), a™((5^), dJ^^jJ^) h a™(s) onpe;],ejifliOTca peHopM- 



C(/x2), ar(Q2), ar(^2) 
rpynnoBbiM ypasHeHHeM. O^naKO, pasjioJKHB no TeopHH B03Myn],eHHH jiesbie nacTH ( I2.6ap 
H (l2.6bl) . Mbi MoaceM nojiynnTb cooTHomeHHH, CBa3biBaK)in;He CTenenH ln(s//i^) h ln(Q^/yU^) 
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B K03C|)C|)HIi;HeHTaX rm(s//i^) H dniQ"^ / fi'^) , B TO BpGMa KaK CTeneHH as(/i^) OCTaiOTCa HHC- 



jiOBbiMH napaMeTpaMH. Hojiaraa jj? = b npaBofi nacTH (12 .Gal) (hjih /i^ = s b (I2.6bl) ) 



a: 



[l]) CTaHOBaTca hhcjiobmmh KOHCTanTaMH, 
(s)) Tenepb no^sepraiOTCfl HHierpajibHbiM 



K034)4)HIi;HeHTbI dn = (in(l) (aHajIOrHHHO Tn = 

a CTeneHH aapa^OB a^{Q'^) (cooTBeTCTBenHO, 
npeo6pa30BaHHaM (cm. HH>Ke). 

B cjiynae, Kor^a sth aapfl^bi HBjiHiOTca CTan^apTHbiMH 3(J)(J)eKTHBHbiMH sapfl^aMH nep- 
TypSaTHBHOH KX/J, 3Ta CBa3b HapymacTCH b jiioSom ncTjieBOM nopa^KC H3-3a najiH^Ha 
CHHryjiapHOCTH Jlan^ay b cbrjih^^oboh o6jiacTH. EcTecTBCHHO BOSHHKaeT Bonpoc: mojkho 
jiH nocTpoHTb anajiHTHHecKHe Bepcnn oSohx thhob 3apa;i;0B, j^Jisi KOTopbix 4)yHKii;HH D h 
R MoryT 6biTb CBasanbi ;i;HcnepcHOHHbiM cooTHomeHneM? ATB KaK pas h ;i;aeT nojioMcu- 
meAbHuu OTBCT Ha 3T0T Boiipoc, BBOja B paccMOTpcHHe HecTeneHHbie (4)yHKii;H0HajibHbie) 



pasjioJKeHHa 



2il, H H M, m, m H HS . 



AnajiHTHHecKHe o6pa3bi CTeneneii HopMnpoBanHoro 3(J)(J)eKTHBHoro sapa^a, cm. ( 11. ip . b 
eBKjiH^OBOH oSjiacTH onpe^ejiaiOTca c noMombio (|)opMajibHOH jinneHHOH onepan,HH Ag: 



Jo 



da 



H cneKTpajibHaa njiOTHOCTb sa^acTca mhhmoh ^acTbio nepTypSaTHBHon BejiH^HHbi: 

p«(a) = -Im [af,)(-a)]. 



(2.7) 



(2.8) 



CTencHb (HH;],eKc) n hmcct 3flecb TOJibKO nojio>KHTejibHbie n,ejibie SHaneHHa, a ncTjieBOH 
nopaflOK npnSjiHJKeHHa yKasbiBacTca chmbojiom / b CKoSKax. 

AnajiornHHO, anajiHTH^ecKHe oSpasbi CTeneneii HopMnpoBanHoro 3(J)(J)eKTHBHoro aapa^a 
B oSjiacTH Mhhkobckofo onpe;],ejiaiOTca c noMombio ^pyroii jiHHeHHoii onepan,HH, Am, a 

HMCHHO, 



(2.9) 



3th "aHajiHTH3Hpyioiii;He" onepaii;HH onpe;i;ejiaiOTca, b cboio OHepe;i;b, c noMOinbio cjieflyio- 
mHx ;i;Byx HHTerpajibHbix npeoSpaaoBanHH (mm coxpanaeM a^ecb TepMHEOJiornio IIlHpKOBa, 
CM., nanpHMcp, 21, [9l|, a TaK>Ke npHMenanHe na CTp. [3|): l) — npeoSpaaoBaHne h3 



BpeMeHHono;i;o6HOH oSjiacTH b npocTpaHCTBeHHono;i;o5Hyio o6jiacTb 



D 



Jo ia + Q^) 



(2.10) 



H i? — oSpaTHoe npeoSpaaoBaHHC 



-s+ie A (I) 



2m or 



da 



(2.11) 



H HHTcrpaji SepcTca b^ojib KOHTypa b KOMnjiCKCHOH bjiockocth z, noKaaaHHbix na pHC. [H 
SaMCTHM, HTO 3TH onepaii;HH CBaaanbi Tenepb ;i;pyr c ;i;pyroM cooTnomenneM BsanMHOCTn 



DR = RD = 1. 



(2.12) 
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<- 

ii 



Phc. 2: CxeMa anajiHTHsai^HH KaK nepexofl ot CTanflapTHOH TeopHH BOSMymenHii (TB) k anajiHTH- 
HecKofl TB B o6jiacTHx MnHKOBCKoro (ATB(M)) h EBKjiHfla (ATB(E)). 

cnpaBefljiHBbiM fljia Bcero Ha6opa h b jiio6om neTJieBOM nopaflKe hmghho b CHJiy 

peryjiapHOCTH HOBbix 3(J)4)eKTHBHbix aapa^OB An{Q'^) h 2l„(s). 

CxeMaTH^ecKH onepan,HH Ae h Am, onpe^ejiaiomHe anajiHTHHecKHe 34)4)eKTHBHbie aa- 
pa^bi b npocTpaHCTBGHHO- (Q^ > 0) H BpeMeHHonofloSnoH (s > 0) oSjiacTflx, npeflCTaBjienbi 
rpa(J)H^ecKH na pHC. El JlorHKa "aHajiHTH3an,HH" npHBO^HT k cxo>khm BbipajKeHHSM ^jin 
pasjioJKeHHH KX/J-aMnjiHTyfl, aaBHCflmHx ot e;],HHCTBeHHoro MacniTaSa Q^, h ^jia hx npo- 

;i;OJI>KeHHH H3 eBKJIHflOBOii oSjiaCTH B oSjiaCTb MHHKOBCKOrO. 

B KanecTBe npniviepa paccMOTpnivi D-^ynKujiK) A;i;jiepa b npaBofl nacTH (I2.6ap . KOTopaa 
pasjiaraeTca b pa^ no CTenenaM a";-)(Q^). HpHMeHeHHe k hgh onepaii;HH Ae b cooTBeTCTBHH 



c npaBOH CTpejiKOH pnc. [2] nepeBo;i;HT ee b necTeneHHOH pafl |2ll. l88l| I^a(Q^) b eBKJiHflOBofl 
oSjiacTH: 

D(Q2) = 5^rf„af,)(g2) ^Ae[/^]=I?a, rfle Pa(Q') = ^i'^(Q') • (2.13) 

n n 

SaTGM Mbi MOJKGM npHMGHHTb onepan,Hio -R, sa^aBaeMyio (J)opMyjiOH (I2.1ip . cm. hhjk- 

HIOIO JIHHHK) Ha pHC. [2], H nOJiy^HTb BGJIH^HHy TZ{s) B oSjiaCTH MHHKOBCKOrO TaKJKe B BH^e 

HecTeneHHoro pasjioJKeHHa: 

R[Dj,] =n,TAe n{s) = ^^n2t«(s) . (2.14) 



C jpyroH CTopoHbi, to jkg caivioe BbipajKeHne ^Jia (|)yHKii;HH TZ{s) mojkgt SbiTb nojiyneno [18 
JJfl B cooTBGTCTBHH c jieBOH CTpejiKOH pHC. [2] c noMOinbio onepaii;HH Am: 



D{Q') = J2 dnal){Q'') ^ Am [/^] = 7^, r^e 7^(s) = rf„2tW(s) . (2.15) 



A. O^HoneTjieBaa ATB {Nf 4>HKCHpoBaHo) 

PaccMOTpHM npHMeneHHe 3Toro (J)opMajiH3Ma b o;i;HoneTJieBOM npnGjiHJKeHHH c (J)hkch- 
poBaHHbiM HHCJiOM 4)jieHBopoB Nf. Hojibsyacb npocTbiM bh^om 34)4)eKTHBHoro 3apa;i;a (II. ip 
H pen,enTOM nocTpoenHa cneKTpajibHoii hjiothocth (12. Sp . mm nojiynaeM o^enb npocToe bm- 
pajKenne ^Jia o^HoneTjieBon cneKTpajibHoii hjiothocth {L„ = ln(o"/A^)): 

p[^) {a) = - Im = — ^ . (2.16) 
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HoflCTaHOBKa ero b (12.70 h (I2.9P flaeT o^HoneTJieBbie anajiHTHHecKHe 3(|)4)eKTHBHbie 3ap5i;i;bi 



A^^^ [28|, 129J H [18|, 125|, l26|, l27| 



(1) 



L 



— arccos 

TT 



L = In (gVA') , = In (s/A^) 



(2.17) 
(2.18) 

(2.19) 



Ha 3THX ypaBHeHHH mbi aaKjiiOHaeM, ^to na o^noneTjieBOM ypoBne "aHajiHTH3an,H5i" (Ag) b 
eBKjiHflOBOH oSjiacTH osHanaeT Bbi^HTanHe nojiioca Jlan^ay, b to BpeMfl KaK b oSjiacTH Mhh- 
KOBCKoro anajiornHHaa onepaii;Ha (Am) osHanaeT cyMMnpoBanHe 7r^/L^-BKJia;i;oB bo Bcex 
nopa^Kax: 2l^^''[Ls] npn L 1 hmgct pa3Jio>KeHHe 1/1^(1 — 7r^/(3L^) + ...). 

CneKTpajibHbie hjiothocth Bbicmnx CTeneneH 3(J)(J)eKTHBHoro aapa^a, onpe;i;eji5ieMbie b 

COOTBGTCTBHH C (|2.8I) . TaKJKG MOJKHO SanHCaTb flOCTaTOHHO KOMHaKTHO: 



(1)/ X sm[n^(i)[L^]] 



arccos 



i?(i)[L^] = v/Z^T^.(2.20) 



Ohh npH n > 2 o6jia;i;aiOT peKyppeHTHbiM cbohctbom: 



1 



n — 1 \dL, 

CJie^yiOmHM H3 OHCBH^HOrO COOTHOmeHHa 



[n 



-d 

dLrr 



n-1 



1 



1 



-d 



1 



-d 



n-1 



f2.211 



(2.22) 



{L-mY n-1 \dLJ{L-mY~^ {n-l)\\dLj L-m' 

3to CBoiicTBO no3BOJiaeT 3anHcaTb Bbipa>KeHHfl ^jih anajiHTHHecKHx o5pa30B ra-x CTeneneH 
34)4)eKTHBHbix 3apaflOB ^epe3 caMH anajiHTHHecKHe 3apflflbi b bh^g hx n-x npoH3BOflHbix: 



(n-1)! \dL) 



-d\ 



n-1 



1 



n— 1 



(n- l)\ \dL,^ 

Im [(L, + ^7r)"'^] 
(n - 1) TT (L2 + 7r2)^ 



sm 



(n — 1) arccos ( Lg/ + -n"^ 



(n-l)7r ^fLl + 



n-1 



— fljia n > 1, n G N . 



(2.23a) 
(2.23b) 
(2.23c) 



Otmgthm, hto aBHoe BbipajKenne ;i;jia npaBofl nacTH b (l2.23bD SbiJio nojiyneno b |7q 
noMOinbio npeo5pa30BaHHa Jlanjiaca, cm. pa3fleji III, (|)opMyjiy (3.2). 



SaMBTHM, ^TO arccos (LI^/TJT^) = arctg(7r/L) npn L > 0, Tax ^to 4)opMyjia, nojiyneHHafl b H, 
coBna^aeT c (|2.18p . 
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Phc. 3: IloBefleHHe oflHoneTjiesbix anajiHTHHecKHx sapaflOB 2li(s) h Ai{Q'^) (cjiena) h 2l2(s) h 
-42(Q^) (cnpasa). Ha npasofi nanejin niTpHxoBaHHbiMH jihhhhmh noKasaHti ^jih cpaBHeHHH Ksafl- 
paTbi cooTBeTCTByromnx anajiHTHHecKHx sapH^OB. 



Ha pHC. [3] MM cpaBHHBaeM noBe;i;eHHe anajiHTHHecKHx 3apa;i;oB b npocTpancTBeHHO- h 
BpeMeHHonofloSnbix oSjiacTHx. Ha jigboh nanejiH noKaaanbi KpHBbie p^Jisi 2li(s) h Ai{Q'^), 
H fljiH jiy^men bh^hmocth npocTaBjiena Hepnafl TOHKa, yKasbiBaiomaa npe^ejibHoe snane- 
HHe oSoHx aapflflOB npn = s = 0. Ha npaBoft nanejiH KpoMe anajiHTH^ecKHx oSpaaoB 
KBa^paTOB aapa^OB 2l2(s) h ^2(<5^) (cnjioniHbie KpHBbie) cpaBHenHH mm noKasMBaeM 

niTpHXOBaHHMMH JIHHHflMH KaK BC^^JT CeSfl KBa^paTM aHajIHTH3HpOBaHHbIX SapHflOB: BHflHO, 

HTO npH < 1 FsB^ H s < 1 FsB^ anajiHTHHecKHe KBa^paTbi cymecTBeHHO Menbine, npHHCM 
B TOHKe = s = OHH H BOBCG o5paiii;aiOTca b nyjib, b to BpeMa KaK 21^(0) = ^^(0) = 1. 
Ha oSenx nanejiax pnc. [3]BHfleH 3(|)(|)eKT 'HCKa>Kaioiii;ero aepKajia' 2^, 43|: npn nepexo;i;e ot 



o5jiacTH MHHKOBCKoro K eBKJiHflOBOH oSjiacTH aaBHCHMOCTb aapa^ia ot apryMCHTa MenaeTca 
TOJibKO cjierKa, nprnneu HMeiOTca 3 tohkh, b KOxopMx SHaneHHa aapa^OB b oSohx oSjiacTsx 
coBna^aiOT: 

a) mi(O) = Ai(0) = 1, npHHGM 2ti(s) = AAs) = 1 + , , , ^ npH s 0; 
5) 2li(A2)=A(A') = l/2; 

b) 2li(oo) = ^i(oo) = 0, npHHGM = Ai(s) = , ^ npn s ^ oo. 

B TO jKe BpeMa ^Jia aHajiHTHSHpoBanHbix KBa^paTOB TaKHx tohgk yjKe neTbipe: KpoMe tohgk 
a) H b) noaBjiaiOTca eme 2 to^kh, no o^Hoii Me>Kfly a) h 6) h MejK^y 6) h b), npH^eM b to^kg 
a) 3Ha^eHHa (J)yHKn,HH paBHbi yace ne 1, a 0. HoaBjienne npn nepexo^e ot n k n + 1 eme o^hoh 
TOHKH, B KOTopoii 4)yHKn,Ha pasHOCTH An{s) = 2t„(s) — An{s) o6pamaeTca b hojib, Bnojine 
nonaTHO, ecjiH BcnoMHHTb npo peKyppenTHbie cooTHomenHa (12.231) . Gjiaro^apa kotopmm 

<l>yHKii;Ha Ai[L] HMeeT 3 nyjia: na KOHii;ax (L_ = — oo h = +oo) h b ii;eHTpe (Lq = 0). 
SnaHHT A2[I/] B ;i;o6aBOK k ^ByM nyjiaM na KOHii;ax (L_ h L+) Sy^eT HMeTb nyjin b TOHKax 
MaKCHMyMOB H MHHHMyMOB (J)yHKii;HH Ai[L], KOTopbie flocTHraiOTca MejKfly ee nyjiaMH, t. e. 
OflHH Me>K^y L_ H Lq, flpyroH MejK^y Lq h L+. PaccyjK^aa anajiorH^no, mm yGejK^aeMca, 
HTO A„[L] o6pamaeTca b hojib b n + 2 Tonxax. 

Ctoht OTMeTHTb TaK>Ke cjie^yiomne CBoncTBa o^noneTjieBbix 4)yHKn,HH 2li [L] h Ai [L] [2^ 
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paccMaTpHBaeMbix kbk c|)yHKii;HH ne m s, a hx jiorapH(|)MOB (cm. (12.191) h KOHen; BBe^eHna): 
AJ-L]\ _ / Am[L]\ rn>2,meN; (2.24) 



^„[±oo] = 2t™[±oo] = fljia m>2, meN. (2.25) 




Phc. 4: FpacJjHKH (JjyHKi^Hit ^^''[-L] (cjiesa) h 2ln^[L] (cnpasa) ^jih n = 2,3,4,5. MTo6bi noKasaTt 
Bce KpHBbie BMecTe, mbi MacmTa6HpoBajiH cJjyHKi^HH c noMombro cJjaKTopoB 5*^"^. 

Ha pHC.HlMbi cpaBHHBaeM noBe;i;eHHsi anajiHTHHecKHx o6pa30B Bbicmnx CTeneneH 3apa;];oB 
B npocTpaHCTBGHHO- (cjiGBa) H BpeivieHHonofloSHbix (cnpaBa) oSjiacTax. 3(|)(|)eKT 'ncKajKaio- 
mero aepKajia' bh^gh TaKJKe h a^ecb, ho CTenenb HCKajKenHa pacTCT c pocTOM CTenenH aa- 
pa;],a n: SHaneHHa ^4[0] h 2l4[0] paajinnaiOTca hohth b 2 paaa, b to BpeMfl KaK .42 [0] ~ 2l2[0]. 

J\r^ nojiy^eHHfl ^ByxneTjieBbix anajiHTH^ecKHx aapfl^OB hgoGxo^hmo HcnojibsoBaTb b Ka- 
^ecTBe HCxo^Horo nepiypSaTHBHoro 34)4)eKTHBHoro aapa^a a"2)(Q^) tohhog pemenHe ^Byx- 
neTjiGBoro PF v paBHeHHfl ( 1A3I 1. KOTopoe Bbipa>KaeTCH ^epea (|)yHKn,Hio JlaiviSepTa, KaK Sbijio 



noKaaano b 



35l |. CM. ( 1A5I 1. PemeHHH ^jih 9(|)(|)eKTHBHoro aapa^a b bbiciuhx ncTjiCBbix bphSjih- 
jKCHHax MoryT 5biTb TaKJKC BbipajKCHbi ^epea (|)yHKn,Hio JlaM5epTa, cm. ( 1B8I ). hjih annpoKCH- 

MHpOBaHbl C HCnOJIbaOBaHHCM npH5jIH>KeHHbIX BbipaJKCHHii flJIfl CnCKTpajIbHblX njIOTHOCTCH 

c nocjie^yiomHM hx HHCJiennbiM HHTerpnpoBaHHeM (cm. npHjio>KeHHe [Aj r^e mm ^CTajibHO 
paao6pajiH npon,eflypy nocTpoenna cncKTpajibHbix njiOTHOCTcii Pi^^'* ^[-^ct]; (J'opMyJia (IA9I ). h 
^(2)it-2 ^ (J)opMyjia f lAlOp . OTBcnaiomHe HTepan,HOHHbiM pemenHaM (IA7bll ). 

KaK BHflHO Ha SToro KpaTKoro oScyjKflCHHa, Bce npoSjiCMbi, CBaaannbie c HajinnneM "npn- 
apaHHon" CHHryjiapnocTH y 3(|)(|)eKTHBHoro aapa;i;a b cbkjih^^oboh oSjiacTH, ycTpanaiOTca npn 
aHajiHTHaan;HH, ocHOBaHHOH na HpHHn;HHe hphhhhhocth ("cHeKTpajibHOCTH" |88|) h PF HHBa- 
pnaHTHOCTH. IlpH 3T0M ycTpaHCHHe HOJiioca JlaH;i;ay (anajiornHHO, KOMneHcan;Ha cnnryjiap- 

HOCTCH THHa TOHCK BeiBJICHHa B BblCIHHX HCTJICBblX HpHSjIH^KCHHax) HG BBO^HTCH pyKaMH, 

a noHBjiaeTCH khk ecTecTBGHHoe cjie^CTBHe npHHij;Hna anajiHTHsai^HH 3(J)(J)eKTHB- 
Horo aapa^a, 6ea KaKOH-jinGo anejiJian,HH k nenepTypSaTHBHbiM MexannaMaM, npHBO^amHM 
K CTencHHbiM nonpaBKaM. Tcm hc Mcnee, laKHC nonpaBKH rana (M^/Q^)"^, r^e M mojkct 
OTBcnaTb, nanpHMcp, cocTaBHOH Macce KBapKa, HHorja BBO^aT b cneKipajibnyio njiOTHOCTb, 
HToSbi ynecTb HenepTyp6aTHBHbie 3(J)(J)eKTbi, cm. [50, ImI • 



B. rjio6ajiBHaH ATB: ynei noporoB TsiJKejiMx KBapKOB 



PaccMOTpHM cxcMy rjio6ajiH3aiTHH ATB, t. e. yneia noporoB TajKCJibix KBapKOB, cjie;i;ya 



saiT ] 

noflxofly FQHpKOBa-CojiOBii;oBa 29|, 135|, 136|, [92 
HCHHa nojiiocHbix Mace c-, 6- h t-KBapKOB: 



B KOTopbix OHH HCHOJibayiOT cjieflyiomHe ana- 
: 1.2 FaB, mi, = 4.3 FaB h = 175 FaB. Hpn 
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3T0M B CTaH^apTHOH TGOpHH B03MyiIi;eHHH KXJX B MS-cxeMG HeoSxOflHMO COrJiaCOBblBaTb 3Ha- 
HGHHa 3(|)(|)eKTHBHbIX SapjIflOB B eBKJIHflOBOH oSjiaCTH Ha 3HaHeHH5IX Q^, OTBenaiOIUHX 3THM 

MaccaM^: M4 = rric, M5 = h Mq = rrit. 

By^eM B ^ajibHeiimeM onpe^ejisTb jiorapH(J)Mbi L TOJibKO no OTnomennio k Tpexcj^jieiiBop- 
noMy MacniTaGy A3: L{Q^) = ln((5^/A|). HepecneT k ^pyrnivi iviacniTaSaM ocyn^ecTEjiaeTCfl 
nyTGM Konennbix ^oSaBOK: 

In (QVAJ) = HQ') + Xf, T^^e Xj^\n (A^/Aj) , (2.26) 

a A^ — OTBenaiontHH ^annoMy Nj KX/J-MacniTaS. Onpe^ejiHM TaKJKe cooTBeTCTByiontHe 
snaHeHHa jiorapncJjMOB na noporax Mj. {k = 4, 5, 6): 

L, ^ In {Mi/Aj) . (2.27) 

Bee KX^-MaeniTaSbi Aj, / = 4, 5, 6, mm 5y;i;eM TpaxTOBaTb KaK 4)yHKn;HH oflHoro napaivieT- 
pa, a HMeHHO Tpex(i)jieHBopHoro MaeniTaSa A3: 

A; = Aj(A3) e A3 > A4(A3) > A5(A3) > A6(A3) , (2.28) 

KOTopbie flOJi>KHbi onpe^ejiHTbea h3 yejiOBnn eorjiaeoBannfl na noporax ^jih 34)4)eKTHBnoro 
3apfl;],a B oSbi^HOH KX/J. PaeeMOTpnivi a^eeb ^jih npniviepa ^nyxneTjienoe npH5jiH>KenHe e 
34)4)eKTHBHbiM sapjiflOM a^^^Lf] Nf] (cm. (lASP : noKaaaTejib neTJienoro nopa^Ka b stom 
npHMepe ;i;ajiee Sy^eM onyeKaTb j^jisi skohomhh ivieeia) 

—4 77 

= bo{Nf)c,{Nf) [1 + W.,ML-Nf])] ' ^^-^^^ 

r^e Z]y[L;Nf] = (l/ci(A^/)) exp [— 1 + ivr — L/ci(A^/)]. Tor^a yejionna eorjiaeoBanna b eB- 
KJiHflOBoii o6jiaeTH Q' TaKOBbi 

as [L^; 3] = a, [L4 + A4; 4] ; (2.30a) 
as [L5 + A4; 4] = as [L5 + Ag; 5] ; (2.30b) 
as [Lq + As; 5] = a, [Lq + Ag; 6] . (2.30e) 

Ohh onpe;i;eji5iiOT KoneTaHTbi Aj e / = 4, 5, 6 KaK (|)yHKn;HH A3 n nenpepbiBEbiH rjioSajibHbin 
34)4)eKTHBHbiH sapafl KX^ 

af'(<9') = as [W);3] {Q'<Ml)+as [LiQ') + \iA] 9 {mI<Q' <MI) 

+ as [L(Q2) + A5;5] e{M^<Q' <M|) +a, [L{Q') + X^; Q] e{Ml<Q') . (2.31) 

HpHBefleM jiflu npniviepa anaHenna Aj, \f n Lj c / = 4, 5, 6 jiflu cjiynaa A3 = 400 MsB: 

A4 = 344 MbB , A5 = 245 MaB , Ag = 103 MbB ; (2.32a) 
A4 = 0.299, A5 = 0.984, Ag = 2.716; (2.32b) 

L4 = 2.197, L5 = 4.750, Lg = 12.162. (2.32c) 



Bonpoc o TOM, noHGMy b MS-cxeMe Jiy^me corjiacoBMBaTb scjjcjjeKTHBHbie sapaflbi na SHa^ennflx m^, a 
He 4m^, pa36HpaeTca no;ipo6HO b pa6oTe 931 . Ecjih roBopHTb xpaTKO, to sto CBflsano c 6e3MaccoBbiM 



xapaKTepoM penopMrpynnoBbix renepaTopoB b MS-cxeMe, b KOTopoii y^eT noporoB MaccHBHbix KBapKOB 
npoH3BO^HTCfl nyTeM cpaBneHHH c MOM-cxeMofi, r^e Maccbi HacTHn; yHHTbiBaiOTCH hbho. 
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Phc. 5: IloBefleHHe rjio6ajibHOH cnexTpajitHOH hjiothocth, p^'°''[L], ^jih A3 = 400 MsB. J^Jin cpasHe- 

HHH niTpHXOBaHHfclMH JIHHHHMH Mbl nOKaSblBaCM nOBefleHHe JIOKajIBHOH CneKTpajIbHOft njIOTHOCTH, 

OTBeHaiomeft 5 cJjjieiiBopaM, pi[L + A5;5]. CjieBa noKasan HHTepBaji L E [—6; +6], r^e hbho BH^en 
nopor -L5 = 4.75, b i];eHTpe — b yBejinneHHOM no och opflnnaT MacmTa6e HHTepBaji L G [+2; +5], TaK 
HTO BHflHbi 06a nopora L4 = 2.20 h L5 = 4.75, a cnpasa — CHOsa b yBejinneHHOM no ocn opflnnaT 
MacmTa6e nnTepBaji L £ [+11; +16], Tax hto CTanoBHTCsi hbhbim pasptm na nopore Lg = 12.16. 



CneKTpajibHafl njiOTHOCTb anajiHTH^ecKoro oSpaaa n-m CTenenH 3(J)(J)eKTHBHoro aapa^a 
^giob rj^Qp^g^ ecTb KycoHHO-HenpepbiBHafl (J)yHKn,Hfl 

Pf'is) = p„ [Lis); 3]e{s< M^) + p„ [L{s) + A4; 4] 6 [Ml < s < M|) 

+ p„ [L{s) + A5; 5] e {Ml < s < Ml) + p„ [L{s) + Ae; 6] 6 {Mj < s) , (2.33a) 

KOTopyio MOJKHO 3KBHBajieHTH0 npe;i;cTaBHTb KaK 4)yHKii;Hio jiorapHc^DMa L = ln(s/A|) 
(cm. pHC.[5l rfle ji^jisi cpaBHenHa npe;i;cTaBJieHa TaK»ce cneKTpajibnaa njiOTHOCTb pi[L + A5; 5] 
CO c;i;BHroM apryMCHTa na A5 ji^jisi Toro, htoSm b oSjiacTH L G [L^; Lq] o5e hjiothocth cob- 
na;i;ajiH) : 

[L] = p„ [L; 3]e{L< U) +Pn[L + A4; A]e{U<L< L,) 

+ Pn[L + A5; 5] (L5 < L < Lg) +Pn[L + Ae; 6] 9 (Lg < L) (2.33b) 

CO CneKTpajIbHblMH njIOTHOCTaMH pn [L] Nf\, OTBC^aiOmHMH HHCJiy aKTHBHblX KBapKOB Nf H 

paBHbiMH (cm. (13.161) fljia cjiy^aa p = n) 

vr [/5;i?(2)(L;iV^)]"' ^ ^ 

Tjxe R{2){L]Nf) H ip{2){,L] N f) onpe;],ejieHbi b paa^ejie llll Bl (cm. f l3.14b[ ) h f l3.14cl) : saMCTHM, 
HTO B 3THX (|)opMyjiax He yKaaana aBHaa saBHCHMOCTb ot Nj, ho ona Ho;i;pa3yMeBaeTca, t. k. 
HapaMCTp Ci = Ci{Nf) = bi{Nf)/bl{Nf) anno saBHCHT ot Nf), a Pf = 6o(^/)/(4vr). To- 
rfla rjioSajibHbie anajiHTHHecKHe 3(J)(J)eKTHBHbie 3apa;i;bi b cbrjih^^oboh o6jiacTH h b o6jiacTH 
MHHKOBCKoro onpc^^cjiaiOTca b cootbctctbhh c (I2.7p h (12. 9p 

00 CO 



00 



2tf-(g) = j Pn^i^^) ^t^'^m = j Pt" [La] dL^ . (2.35b) 
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Phc. 6: IloBefleHHe rjio6ajit,Hbix anajiHTHHecKHx sapaflos (cjiesa) H (cnpasa) 

flJIH A3 = 400 MsB. JlflSl CpaSHeHHH niTpHXOBaHHblMH (KpynHO-niTpHXOBaHHblMH) JIHHHHMH Mbl 

noKasBiBaeM noBeflCHHe ^f^[L + A4;A^/ = 4] {A^^\l + X5; N f = 5]) h 2lf + A4; A^/ = 4] (2tf^[L + 
A5; A^/ = 5]), noflejieHHbix na Pj — cm. (I1.4ap - (ll.4b|) . 



HecMOTpfl Ha to, hto cneKTpajibnaa njiOTHOCTb p^°^ (a) flBjiaeTCfl KycoHHO-nenpepbiBHOH 
(|)yHKii;HeH h b TOHKax a = m'j, f = 4,5,6, ona TepnHT paapbiBbi, 3(|)(|)eKTHBHbiH aapa^i; 
Afl°^ (Q^) OKasbiBaeTca anajiHTHHecKOH (J)yHKii;HeH, a 2t,^'°''(s) — npocTO nenpepbiBHoii (J)yHK- 
i^neii, KOTopaa b TOHKax s = m'j, f = 4, 5, 6, nivieeT paapbiB npoHSBOflHofl. 

Ha pnc. [6] mm noKasbiBaeivi rpacj^HKH ''''^'"''[L] h 2tf ^''^'"''[L] j^jisi A3 = 400 MbB. Mm 
bh;i;hm, hto aHajiHTH3aii;Ha npHBo;i;HT k yMenbineHHio sc^Dc^DeKTHBHMX aapa^OB 
H 2lf^'«'°'[L] B cpaBHeHHH c /34-Uf^[L + A4;4] {(3^^Wi\L + A5;5]) h c p^^^^f^L + X^;^] 

1 (2) 

{P^ 2tj^ [L + A5; 5]): 3T0 nonaTHO, nocKOJibKy cooTBeTCTByiomaa rjioSajibnaa njiOTHOCTb CTa- 
jia 34)4)eKTHBHO MeHbine, cm. jieByio nanejib pnc. [5l KpoMe Toro, co3;i;aeTca BnenaTJieHne, 
HTO KpHBbie cjiGBa H cnpaBa HH^eM ne OTJinnaiOTca flpyr ot ;i;pyra. Ho 3to hg TaK: ohh 
flGHCTBHTejibHO coBna;i;aiOT npn L ±00, ho b tohkg L = ohh pasjinnaiOTca, npaB^a, 
pasHOCTb HMeeT nopa^OK 2%. 

Otmbthm TaK>Ke, ^to y^oSnbie ^Jia HHCJiennbix HpHjiojKeHHii npocTbie HapaMeTpH3an,HH 
^ByxneTjieBbix rjioSajibHbix anajiHTH^ecKHx aapa^OB HOJiy^enbi b Hameii paSoie (46l | (tojibko 

^f^'«'°'(Q2) H Af^'"'°\Q^)) H B pa5oTe SaaKHHa-IHnpROBa (KaK 
TaK H jijin 2li^^'«'°'(g2) c n = 1,2,3,4). 



III. OT ATB K ^POBHO-AHAJIHTHHECKOH TEOPHH B03MyiIi;EHHH 

HanOMHHM, ^TO aMHJIHTyflbl, SaBHCamne ot e^HHCTBGHHOH KHHeMaTH^eCKOH HepeMGHHOH 

Q^, KOTopbie B CTaHflapTHoii TB pasjiaraiOTca b pan, no CTenenaM 3(J)(J)eKTHBHoro aapa^a, b 



ATB Hpe;],CTaBjiaiOTca b bh^g HecTeneHHoro pa;i,a [18|, l27|, l88|| , cm. ( 12. 13^ : 



D[L] = Y,dna^[L]^VA[L]=J2dnA^[L] h 7^[L] = ^ d„ , (3.1) 

n n n 

r^e dn — HHCJieHHbie K03(J)(J)Hn,HeHTbi, HOJiynenHbie b cxcmc MHHHMajibHbix BbiHHTanHH. Ka- 
aajiocb 6bi, c^ejian stot mar mm yace hoctpohjih "aHajiHTH3an,Hio" bcch nepTypSaTHBHofi 

Ho 9T0 He TaK H BOT HOHCMy. B CTan^apTHOH TCOpHH B03Myn],eHHH MM TaKJKC HMeCM: 

• 4)aKTopH3aH;HOHHyio KX^-HpoH;eflypy, KOTopaa ;i;aeT BOSMOJKHOCTb paa^ejiHTb BKJia- 
SojibniHX H Majibix paccToannH h (J)aKTHHecKH npHMenaTb Teopnio B03MyHi;eHHH 
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KX^ j^jisi onncaHHa BKJia;i;a Majibix paccToaHHH (oSjiacTb Sojibinnx eBKJiH;i;oBbix Q^). 
ripH 3T0M ecTecTBeHHbiM o5pa30M B jKecTKHx KX^-aMnjiHTy^ax BOSHHKaiOT jiorapHcJ)- 
MHHecKHe (|)aKTopbi Tnna a'^[L] L; ^ 

• peHopMrpynnoByio 3bojiioii;hio, renepHpyioinyio b napTOHHbix aMnjiHTy^ax (|)aKTopbi 
B{Q^) = [Z [Q"^) / Z [jj?')] B{js^), KOTopbie b o;i;HoneTJieBOM npnSjiHJKeHHH CBO^iaTca k 
Z[L] ~ r;i;e z/ = 7o/(26o) — ;i;po6Hoe hhcjio. 

TaKHM o6pa30M, HaM naflo nocTpoHTb eme pen,enTbi aHajiHTH3an,HH ^jih hobmx 061.6x106: a^, 
a'^L"^, .... Ham Ha5op {An} o5pa3yeT jiHHeiiHoe npocTpancTBO, KOTopoe, o;i;HaKO, He cnaS- 
jKeHO onepaii;HeH yMHO»ceHHa sjieivieHTOB: npoHSBe^eHHe An- Am ne npHHafljiejKHT {^n}, t. k. 
He HMeeT ;i;HcnepcHOHHoro npe;i;cTaBJieHHa (12.7p . a sjieivieHT npn Bcex Kone^Hbix L 

cepbesHO OTJiHMaeTca ot An [L] ■ A^ [L] . B neKOTopoM CMbicjie mojkho roBopHTb o BOCCTanoB- 
jieHHH CTan^apTHOH ajire6pbi jjia vKaaanHoro naSopa 6a30Bbix 4)yHKn,HH tojibko b npe^ejie 

L — >• CX), KOr;i,a {An} — {a^} 0, H, [S^ H, B ^aCTHOCTH, An[L\ ■ Am[L] Am+n[L]- 

Bee TO me caMoe cnpaBe^JiHBO h ^jih npoHSBe^eHHa 21^ ■ 2tm b OTHomenHH naGopa {2l„} h 
npe;i,CTaBjieHHa (12.91) . 

Mbi nonojinaeM bth naGopbi, onpe^ejiaa OToSpajKenna Ae h Am 



A^[a''][L]^AAL]= 

J —00 ^ 



I — La 

00 
00 



(3.2a) 



poo 

Am [a1 [Ls] = 2t,[L,] = / [L^] dL, , (3.2b) 

JLs 

fljia HOBbix sjieMeHTOB TaK, HTO BbinojiHaiOTca cjie^yiomne CBOHCTBa: 

1. Ohh aBjiaiOTca H30Mop(J)H3MaMH, T. e. coxpanaiOT jiHHeflHyio CTpyKTypy Hcxo^noro 
HaSopa 4)yHKn,HH: 

Ae [a°] =A^ = l h Am K] = % = ^- (3-3) 

2. Ohh flaiOT B03M0>KH0CTb HpoBo;i;HTb penopivirpyHHOBoe yjiynmeHHe ATB, t. e. OHpe;i;e- 
jieHbi fljia 

/(a) = a", rfle G M. (3.4) 

OKaabiBaeTca, hto HOHOJiHenne HCxo;i;Hbix naGopoB {Ain] n G N} h n G N} TaKHMH 
oSijeKTaMH, T. e. pacmnpeHHe hx flo naGopoB {Ay] z/ G M} h {2tj^; z^ G M}, ^aeT TaKJKe 
BOSMOJKHOCTb H flH(J)(J)epeHii;HpoBaTb no HH;i;eKcy z/, a ananHT CTpoHTb aHajiHTH3aii;HH 
fljia BejiHHHH a'^ln(a) = {d/dv)d': 

£^ = AEKln(a)] = PAeK] h £^ = AMKln(a)] = DAmK], (3.5a) 

Tjie V= (3.5b) 
du 



^ IlepBoe yxasaHHe na Heo6xoflHMOCTb onpeflejienHH cneiinajibHoii npoijeflypbi "anajiHTHsaiiHH" fljia pa6oTbi 
c TaKHMH jiorapHcjjMaMH HOHBHjiocb B pa6oTe 69|, r^e 6bijio Hpe^jioJKeHO HpHMenaTb KOHijeHiiHio anajin- 
THHHOCTH K napTOHHOH aMDJiHTy^e e "neAOM, a ne tojibko k scJxjjeKTHBHOMy sapa^y h ero CTenenaM. 
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3. Ohh ;i;aiOT BOSMOJKHOCTb nojibsoBaTbca 4)aKTopH3aii;HeH b KX^, t. e. onpe^ejieHbi ji^jin 

f{a) = a''L'^, meN, (3.6a) 
;i;aBa5i b peayjibTaTe anajiHTHHecKHe oSpasbi 

= Ae [a'L'^] H = Am [a'L"'] . (3.6b) 

SaMeTHM, HTO B OflHOneTJIGBOM npH5jIH>KeHHH TaKHe oS^beKTbl CBOflilTCa npocTO K 

[a'^~'"]^jj, TaK HTO 3T0T nyHKT CBO^iHTca K upejif}ipjm,eMy. Ho b Bbicmnx nopaflKax 
9T0 He TaK, H pemeHHe a^ecb flocTnraeTca onpe^ejieHneM cneKTpajibHOH njiOTHOCTH 
Pu,m, OTBe^aioineH [a^L""]^^. 

npHHn,HnHajibHaa cxeMa aHajiHTH3an,HH b ATB, noKaaaHHaa na pHC. npHMeHHMa h k 
^ATB. PasjiHHHe MejK^y ATB h ^ATB coctoht b oSteKTax, na KOTopbie ;i;eHCTByiOT one- 
paTopbi aHajiHTH3aii;HH Ae h Am, a TaKJKe onepaTopbi nepexo^a ot eBKJiH^^OBbix oSteKTOB 
K MHHKOBCKHM (R) H oSpaTHO (D): B ^ATB Ha5op mnpe aa chgt BKJiiOHeHHa aapa^OB c 

BemeCTBeHHblMH (flpo5HbIMH) 3HaHeHHaMH HHfleKCOB, a TaKJKe oSteKTOB THna Sl^, Cv.m 

Ha nepBbiH Bsrjia^, npe^Jiaraeivioe HaMH nonojineHHe Ha6opa 6a3HCHbix aapa^OB ATB, 
H {21;/}, MOJKeT 6biTb Hee^HHCTBeHHbiM: MOJKHO, HanpHMep, npeoSpaaoBaTb nojiyneH- 
Hbie HaSopbi {^Av\ h {St^y} b naSopbi {^'^.[L]} h {2l'j,[L]}, onpe^ejiaeMbie sjieMeHTapHbiMH 
c;],BHraMH .4^L] = AJ\L\ + sin (ttz/) /^/[L] h 2l'j,[L] = 2l;.[L] + sin (tti/) ^f^/fL], KOTopbie npn 
ii;ejibix SHaneHHax G Z coBna;i;aiOT flpyr c ;i;pyroM h c ncxo^HbiMH ii;ejiOHHfleKCHbiMH Ha6o- 
paMH (|)yHKii;HH. OflnaKO nac cnacaeT ot 3toh Hee;i;HHCTBeHHOCTH cneKTpajibHoe npeflCTaBJie- 
HHe (13. 2p : oho cepbeano orpaHHMHBaeT KJiacc BOSMOJKHbix (J)yHKii;HH, b MacTHOCTH, ncKjnonaa 
yKaaaHHyio MHoroanaHHOCTb. 



A. OflHonexjieBaa /];ATB (iV/ = 3) 



PeajiH3aii;Ha bthx Hfleii b oflHoneTJieBOM npnSjiHJKeHHH c (J)HKCHpoBaHHbiM hhcjiom (J)jieH- 
BopoB N j 6biJia ocymecTBJieHa b paSoTax |75l . l76l | nojinocTbio b anajiHTHHecKOM BH;i;e. Ho- 
CKOJiBKy 3T0T MaTcpHaji HBjiaeTCH npe^MexoM no;],roTaBjiHBaeMoro oSaopa Bcex TpoHx as- 
TopoB 3THX paSoT, 3flecb Mbi HG Sy^GM noflpoSno ocTaHaBjiHBaTbca na hgm h ^a^HM tojibko 
KpaTKyio CBO^Ky peayjibxaTOB. 

B ocHOBe MBTO^a [75|,l76| JieacaT peKyppenTHbie cooTHomenHa f l2.23p . CBasbiBaiontHe .4.„[L] 
H 2ln[L] c v4i[-£/] H 2li[L] H no3BOJiaiomHe nojiy^HTb asHbie BbipajKCHHa ^jia anajiHTH^ecKHx 
oSpaaoB HCKOMbix ;i;po6Hbix CTeneneH 3apa;i;oB: 



r z/ 



sin \{y — 1) arccos [Lj Vtt^ + L^)] 



7r(z/- l)(7r2 + L2)('^-^)/2 
S^ecb Fi^z^ u) — peflyn,HpoBaHHaa TpaHcn,eHfleHTHaa (J)yHKn,Ha Jlepxa [93 



(3.7a) 
(3.7b) 



m=l 



(3.8) 
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HHTepecHO OTivieTHTb, HTO OKasbiBaeTca ii;ejiOH (J)yHKii;HeH no i/, a 2l,y[L] BbipajKaeTca 

nojiHOCTbK) nepea sjieivieHTapHbie (TpHroHOMeTpHnecKne) ^jhkujiii.^ Hpn stom eBKJiH;i;oBbi 
"oSpaTHbie CTeneHH" ^_m[-Z^] = L"^ coBnaflaiOT c oSpaTHbiMH CTenenaMH HCxoflHoro bcJ)- 
(|)eKTHBHoro aapa^a a~'^[L] = L™, b to BpeMfl KaK ^jih mhhkobckhx "oSpainbix CTeneneii" 

B03HHKaiOT flo6aBKH B BHflG HHSIUHX CTeneHGH L C 7r^-K034)4)Hn,HeHTaMH: 

A^^L] = , = ^ Im [{L + 271)™+^] ^^jia m e M ; (3.9) 

7T I TTl/ I X ) 

2l_i[L]=L, 2l_2[^]=i^'-^, 2l_3[^]=^'-7r'^, 2l„4[^] - 2LV + ^ , . . . (3.10) 

o 

TaKHM o5pa30M, jiHHeiiHbie npocTpancTBa {A^} h {2t„} Tenepb nonojiHenbi nyTeivi bkjiio- 

HGHHa SJieMGHTOB A^, H 21^ C JIIoSblMH BeiIi;eCTBeHHbIMH 3HaHeHH5IMH HH^ieKCOB U, TSlK HTO 

CTanoBHTca bo3mo>khoh onepaii;H5i ;i;H4)4)epeHii;HpoBaHH5i no nn^eKcy (I3.5bl) . CneKTpajibHbie 
njiOTHOCTH p,^[L], OTBenaioni;He TaKHM pemennaM, oSjia^aiOT cjie;i;yioni;HM BajKHbiM CBoii- 
ctbom: 

PnUL] = (-47ypAL]- (3.11) 



r(n + z/) V dL 

B Ta6jiHn;e [I Mbi cpaBHHBaeivi ocnoBHbie sjieMenxbi oGbinnon TB, ATB n /l^ATB b gbrjih- 

flOBOH H MHHKOBCKOH oSjiaCTSX. 

IlpejKfle ^eM saKOHHHTb stot paa^eji h nepeiiTH k o5cy>KfleHHio ;],ByxneTjieBoro cjiy^aa, 
o6cyflHM Bonpoc, nacKOJiBKO chjibho OTjinnaiOTCfl anajiHTH^ecKne o5pa3bi flpoSnbix CTene- 
neii 3cJ)(J)eKTnBnbix 3apaflOB ot ^poSnbix CTeneneii anajinTnnecKnx aapa^on v4.^[L] n 2t^[L]. 



Ta6jiHi];a I: CpaBHemie o6ijIhhoh TB, ATB h ^ATB b eBKjiHflOBOH o6jiacTH ((E), L = In (Q^/A^)) h 
B o6jiacTH MHHKOBCKoro ((M), L = In (s/A^)). B CTpoKe '06paTHbie CTenenn' sanHcano 2t_m[L] = 
j^m _|_ Q{^i/<^-'^^^ TjTo osHanaeT npocTO cbohctbo (|3.10p . 



TeopHH 


TB ATB(E,M) 


MTB(E) 


MTB(M) 


Ha6op sapHflOB 


ja^l [Am.^ra] 


\aA 




PasjiOHceHHe b pafl 


fm ^ Am ifm 2tm) 

m m 


fm Am 

m 


/m Sim 


Pa3ji03«eHHe b pafl 


m 


m 


m 


06paTHbie CTeneHH 


{a[L])-^ 


A-m[L] = 


^^m[L] = L"" + OiL""'^) 


IlpoHSBOflHBie no V 


a'^lna — 






CTeneHH jiorapncJjMa 


a^L"" - 







^ SaMexHM, HTO 3T0 BbipajKeHHe 6bijio nojiyHeno b pa6oTe 72| b BH^e, npHcnoco6jieHHOM ^jia nocjie^yioinero 
pasjioJKeHHfl no nojioJKHxejibHbiM x. e. arccos (L/V""^ + L'^) Sbiji saMenen na arctg(7r/i), hxo Bepno 
xojibKO npn L > 0. 
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^jia SToro Mbi npoaHajiH3HpyeM OTHOCHTejibHbie OTKJiOHeHna b mhhkobckoh (Am(-^^, z^)) h 
eBKJiHflOBoii (Ae(L, z/)) oSjiacTax: 



%[L]-{%,[L]r 



AAL]-iA,[L]y 
AM 



(3.12) 



Ha pHC. [7] noKaaaHO noBe;i;eHHe Am(-^v, i^) (cjieBa) h ^^{L,v) (cnpaBa). Bh;i;ho, hto KaK 
AM(i^,0.62), TaK H Ae(L,0.62) Menbine 5% npn s > 1 TaB^ (hto OTBe^aeT L > 2.4 
npH A = 300 MsB). C jx^yrovi CTopoHbi, h |Am(-Z^, 1-62) |, h |AE(i^, 1-62) | CTanoBHTCfl Menb- 
ine HjiH nopflflKa 5% TOJibKO npn L > 5.1, t. e. npn Q^,s > 15.2 FsB^. B to ace BpeMH, 
|Am(L, 2.62)1 > 0.23 h |Ae(L, 2.62)| > 0.31 npn L < 5.1, t. e. npn Q^, s < 15.2 TbB^. Otcio- 
^a Mbi MOJKeM c^ejiaTb BbiBO^, hto aHajiHTH3an,Hfl ^poSnbix CTeneneft 3(J)(J)eKTHBHbix aapflflOB 
ocoSeHHO BajKHa npn v > 1. Kpoivie Toro, mm b^jxsm, hto npn < z/ < 1 anajiHTHSHpoBaH- 
Hbie CTeneHH '^y[L\ h AM] Sojibine (21^ [L])'^ h (^^^[L])^, a npn z/ > 1 aHajiHTHSHpoBanHbie 
CTeneHH Sl^fi^] h AM] CTaHOBSTca Menbine (21JL])'' h (^^^[L])'^, npnneM c pocTOM z/ bto 
yMeHbineHHe CTanoBHTca Bce Sojiee saMeTHbiM. 



0.1 
. 05 




0.1 
. 05 














. 05 
-0.1 








-0.05 
-0.1 


0.15 




✓ 




-0.15 


-0.2 




✓ 

/ 

/ 


L 


-0.2 




L 



10 



2 4 6 
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Phc. 7: Cjiesa: CpaBHenHe pasjiHHHbix KpiiBbix fljia IS.yi[L,u) KaK 4)yHKi];HH L = ln(s/A^), ot- 
BenaiomHx pasjiHHHtiM SHaneHHHM z^. Cnpana: To ace cpaBHeHiie fljia l^-£^{L,v) KaK 4)yHKi];HH 
L = ln(Q-^/A^). Ha o6eHx nanejiax cnjioniHbie (nepHbie) jihhhh OTBenaiOT SHaneHHio v = 0.62, 
CHHHe nyHKTHpHbie — v = 1.62 h sejienbie niTpHxoBaHHtie — v = 2.62. 



B. ^ByxneTjieBaa JS^AT^ {Nj = 3) 

OSoSmeHiie na cjiynafi Bbicmnx neTejib mojkho npoBO^HTb ^ByMa nyTaMH. B nepBOM 
noflxofle HcnojibsyiOT pasjioxceHHa ^ATB fljia MHoroneTJieBbix BejiHHHH no o;i;HoneTJieBbiM 
sapaflaM. Bo BTopoM, Sojiee moiii;hom, noflxo^e ncnojibsyiOT TOHHbie BbipajKeniia ;i;jia mho- 
roneTjieBbix cneKTpajibHbix njiOTHOCTeii, c noMOiu,bio KOTopbix, nojibsyacb iiHTerpajibHbiMH 
npe^CTaBjieHiiaMii (13.21) . HHCJieHHO BOCCTanaBjiHEaiOT caMii anajiHTHHecKHe aapa^bi ii csa- 
saHHbie c HHMH 4)yHKn,iiii. Mbi Gy^eM HcnojibaosaTb BTopoH MeTO^, a HcnojibsoBanHe ero 
peayjibTaTOB ^jia on,eHKH to^hoctii ^ATB-paajio^Keniiii, nojiy^aeMbix b nepBOM no^xo^e. 



Sy^eT HSJiojKeHO b roTOBaiu,eMca oSaope ipex aBTopoB /JATB [75|, 176| . 

PaccMOTpHM Z-neTjieByio cneKTpajibHyio njiOTHOCTb pu\a). Ona MOJKeT 5biTb npe^CTaB- 
jiena b tom jKe BH;i;e, hto h b o^HoneTJieBOM cjiynae, cm. (I2.20p . t. e. 

pV{a) = -Im[a,MA\=- ^^^^^^^^^y , (3-13) 
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rfle (|)a3a h Mo;i;yjib hmgiot Tenepb /-neTJieBofi CMbicji. rioacHHM na npHMepe ;i;Byx- 
neTJieBoro npHSjiHJKeHHa, r^e 3(|)(|)eKTHBHbiH aapafl tohho BbipaxcaeTca nepea (|)yHKii;Hio 
JIaMSepTa [L^]], cm. (IA5I) . Hac HHTepecyeT SHaneHHe mhhmoh nacTH 3(|)(|)eK- 

THBHoro aapfl^a npn s = —a < 0, nosTOMy HaM na^o onpe^ejisTb ana^eHHe 0(2) [-f'] npn 
L = = — in. ripeflCTaBHM a(^2)[La — ^tt] b bh^g: 



0(2) [Lo 



?7r 



^(2)[^.] 



i?(2)[L] = ci |1 + -ivr) 



Torfla Mbi cpaay nojiyHHM 



arccos 



Re 



-R(2)[L] 



Ci {l + W.i[zw{L-tTT)]) 



OTKy;i;a HeiviefljieHHO cjie;i;yeT 4)opMyjia (I3.13P fljia cjiynaa 1 = 2: 



1 Sin[z/ V5(2)[-^^a] 



TT 



(^(2)[^.])'' 



(3.14a) 

(3.14b) 
(3.14c) 

(3.15) 
(3.16) 



^jia "aHajiHTH3aii;HH" Sojiee cjiojkhmx BbipajKCHHii, co^epjKamnx KpoMe CTeneneH aapa^a 
(a(2)) eme h CTcnenH jiorapncJjMOB aapa^a, HaM noTpeSycTca cjie^yiomee cbohctbo 



d 



(3.17a) 
(3.17b) 



B o^HoncTjieBOM npnSjiHJKeHHH BToro caMoro no ce6e y>Ke ^ocTaTOHHO, a b ^ByxncTjieBOM 
npH6jiH>KeHHH Mbi HcnojibaycM HHTerpajiBHbie npe^CTaBjienHH THna (13.21) ^jih HHTepecyromeii 

Hac BejIHHHHbl Cy CO CHCRTpajIBHOH HJIOTHOCTBK) 



Pclm = K2)[^ ~ MH2)[L 



d 

dv 



COS 



Im [al^) [L 

Wi2)[L\] sin [y^i2)[L\] . . 

V(2)y^\ ^^TTi [^(2)[^JJ 



d 

dv 



R\2) [^] 



(3.18) 



CneKTpajiBHbie hjiothocth CTenenen aapa^a, yMno>Kennbix na Jiorapnc^DMbi nepe^ann hm- 
nyjibca, t. e. (o-(2)) L"^, 



i'n\ 



= Im 



a™-) [L — in] 



TOJKC mojkho nojiyHHTb flOCTaTOHHO npocTO, ecjiH HcnojibSonaTb npeflCTaBJienna (13.131) flJia 
/ = 1 H / = 2: 



[L] 



Im 



RTi)[L] 

R\2) [-^] 



sm 



[v^{2)[L\ - m(^(i)[L]] . (3.19) 
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Otmcthm 3flecb, KCTaTH, HTO cxo^iHMOCTb HHTBrpajia no B J pc^,^[La]dLcr npn Sojib- 
niHX La HMeeTca ne npn JiioSbix SHaneHHax m m v. t. k. | ,„ [-^^cr] ~ L]^~'^\, to hh- 
Terpaji cxo;i;HTca TOJibKO npn m < u (npn u — l<m<vo^ cxoflHTca Sjiarofla- 
pa 3HaKonepeMeHHOCTH cneKTpajibHoii hjiothocth (|3.19I) ). K cnacTbio, b TB KX^ TaKne 

oS^beKTbl B03HHKaiOT HMGHHO B BHflG 'flOnyCTHMblx' K0M5HHan,HH, HanpHMCp, Cx'l^'^ L HJIH 
Q,3+v ^2 c Z/ > 0, HflymHMH OT 3BOJIIOn,HOHHbIX (|)aKTOpOB, CJie;],yiOIIi;HX H3 ypaBHeHHH EP- 

BJl (E4)peMOBa-Pa;i,iomKHHa-Bpo;i,CKoro-Jlena>Ka) hjih /^rjlAH (/IoKmHn,epa-rpH5oBa- 
JlHnaT0Ba-AjibTapejiJiH-napH3H) . 



C. rjio6ajiijHaii /l^ATB: yneT noporoB Tsi>KejiMx KBapKOB 

KaK Sbijio noKa3aHO b pa3flejie III Bl rjiaBHbiii oStjCkt b rjioSajiBHOH TeopHH — cneKTpajiB- 
Haa njiOTHOCTb p^'°''[L], cm. ( 12.33bl ). a Bce aHajiHTH3HpoBaHHbie 3apaflbi h ^pyrne BejiH^HHbi 
onpe^ejiiiiOTCH no cneKTpajiBHbiM bjiothocthm nepe3 4)opMyjibi Tnna f l2.35ap -( 12.35bll . Tonno 
TaK JKG rjiaBHbiM oStdCktom b rjioSajibHOH ^ATB aBJiaeTca cneKTpajibHaa njiOTHOCTb pf°^[L\ 

pf^-'i^) [L] = p« [L; 3]9iL< U) + [L + A4; A\e{U<L< L,) 

+ p« [L + As; 5] (L5 < L < L,) + p« [L + \- 6] ^ (Lg < L) (3.20) 

CO cneKTpajiBHbiMH njiOTHOCTflMH Pi,[L\Nf\, onpe^ejifleMbiMH b bojihoh anajiornH c ( ]2.34p : 
,,(0 ir . V I - P!-" ^/l - ^'■'1'^ yw('^- f,,,^ 



Bjiaro;i;apa HajiHHHio CTyneHHaTofi cneKTpajibHofi hjiothocth ;i;a>Ke b o;i;HoneTJieBOM cjiynae 
ocHOBHoe pcKyppeHTHoe cooTHomeHne (12.230 HapymacTca h 3aMeHaeTca na Sojiee cjiojKHoe. 
no3TOMy H3aiii;Hbie 4)opMyjibi (13.70 pa3jiejia IIII Al 3^ecb HenpHMennMbi h npnxoflHTca nojib- 
30BaTbca HHTerpajiBHbiMH npe^CTaBjieHHaMH 



glob;(Z)r 



^rW[L]= jPl-J^A^ H 2ir(')[L,]=y'pr^«[L.]rfL., (3.22a) 

—00 Ls 

r^e Jiorapnc^DMbi L = ln(5^/A| h Lg = Ins/ A3 onpe^ejiaiOTca no OTnomennio k Tpex(|)jieH- 
BopnoMy MacniTaSy A3. 

Bjiaroflapa TOMy, hto cncKTpajibnbie njiOTnocTH c 4)nKcnpoBannbiM nncjiOM 4)jieHBopoB 
npOCTO CBa3aHbI C aHajIHTH3HpOBaHHbIMH 3apaflaMH b mhhkobckoh oSjiacTH 

p'u^[L;Nj] = (^^) mL;Nj], (3.22b) 

nTO cjie^ycT h3 ( I3.2bll . mbi mojkcm npeo5pa30BaTb BbipajKcnne ^Jia K annoMy 
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2l«iob;(/) =e[L,< L4] (2t« [L,; 3] - 2t« [L,; 3] + 2l« [L4 + A4; 4] - 2l« [L5 + A4; 4] 

+2t«[L5 + As; 5] - 2l«[L6 + A5; 5] + ^^[Le + Ag; 6]) 

+ ^ [L4 < < L5] [L, + A4; 4] - 2t(') [L5 + A4; 4] + 2t[,^) [L5 + A5; 5] 

-2t(')[L6 + A5;5]+2t(')[L6 + A6;6]) 

+ e[L,<L,< L,] (2t(') [L, + A5; 5] - 2t(') [Lg + A5; 5] + 2t(') [L, + Ag; 6]) 

+ ^^[L6<L,] 2l«[L, + A6;6]. (3.22c) 

^Jia eBKJIH^IOBOH oSjiaCTH TaKHX npOCTblX 4)0pMyjI HGT, ho Mbl TaKJKe MOJKeM BCe CBeCTH K 

34)4)eKTHBHOMy sapjifly npn Nj = 6 c KOHeHHbiMH nonpaBKaMH: 



Ami] I 



' '^'^'p^\l„ + A/; Nf] - p^\l„ + As; 6] 



1 + e 



dL(j . 



(3.22d) 
(3.22e) 



rfle MM onpe;i;ejiHJiH L3 = —00 h A3 = 0. Ha jigboh nanejin pHC.[8]Mbi cpaBHHBaeivi aaBHCHMO- 
CTH [L] (cnjioniHaa jihhh5i) -a A\° [L] (niTpnxoBaHHaa JiHHHa), a na npaBofi nanejiH 

~(2) lob'f2') 

BToro pHcyHKa noKaaaHO, KaK bg^gt ce6a OTHomeHne AAi [L\/A\° [L] b saBHCHMOCTH ot 
3HaHeHHH apryMGHTa L: oho MenaeTca ot —20% npn SojibniHx OTpHn,aTejibHbix SHaneHHax 
L « —10, aaTGM B paftone L — 5 npoxo;i,HT ^epea nojib h pacTCT ^(^ ana^eHHa +20%, 
flOCTHraeMoro npn L 0, h 3aTeM na^aeT flo npn L — ^ 00. 



1.5 



0.5 



-0 . 5 



\ 

\ 

\ 






L 



0.1 



-0.1 
-0.2 



A^f [L] 

_^glob;(2)j^j / 






L 



-10 



-5 



10 



-10 



10 



— i 2'\ lob ' f 2 ) 

Phc. 8: Cjiesa noKasanbi saBHCHMOCTH l^A\ [L] (cnjioniHaH jihhhji) h ° [L] (niTpHxoBaHHafl jihhhji), 
cnpaBa — OTHomeHHe l^A\ [L\/A^° [L] b saBHCHMOCTH ot SHa^ennfl apryMeHTa L. 

AHajiorHHHbie HHTerpajibHbie npe;i;cTaBJieHH5i ncnojibsyiOTca h ^Jia aHajiHTH3aii;HH 5ojiee 



cjio>KHbix BbipajKeHHH c jiorapH4)MaMH (\a\ 



glob;{0 rr 1 ij 



H \as 

00 



(3.22f) 



1 + e 



00 

ii^r^^^'^W = j pt:i\L^] dL. . (3.22g) 
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rjio6ajiH30BaHHbie cneKTpajibHbie hjiothocth P£°'''^^'* [L^] CTpoaTca no anajiorHH c (|3.20l) h3 
njiOTHOCTGH flS.lSp : 



pf [L;iV,] = cos[.^,)[L]] sin[.^(,[L]] 



(3.23) 



HopMHpoBaHHbix BBe^^GHHeM Heo6xo;i;HMbix CTeneneH B to jkg Bpeivia rjio6ajiH30BaHHbie 
cneKTpajibHbie hjiothocth Pc°^f^^ [La] hmgiot 5ojiee cjio>KHyio CTpyKTypy, Tax KaK anajiHTH- 
3HpyeTCH npoH3BefleHHe flsyx oSiaeKTOB, o^hh h3 KOTopbix, a hmghho ^^[L'], HenpepbiBen 3a 
CHGT Hcnojib30BaHHH pa3Hbix Af B apryMGHTe L' = L + Xf, r^e L = ln(Q^/A3), cm. (12.260 ; 
BTopoH jKe (|)aKTop L™ HenpepbiBGH cpasy c caivioro Hanajia, t. k. oh onpe^^ejiaeTca no ot- 
HomeHHK) K (J)HKCHpoBaHHOMy MacniTaSy A3. HosTOMy: 



fCf [L] = pZ ™ L; 3]e{L< U) + JL, L + X.-A] 6 {L, < L < L 



(0 



+ p£ ^[L,L + As; 5]9{L,<L< U) + ^[L,L + Ag; 6] 9 {L, < L) , (3.24) 



(0 



-yj sin [iy(p(i)[L'] - m(^(i)[L]] 



(3.25) 



[/3/i?(0[^']]' 

Otmcthm 3flecb cpasy nojiesnoe cbohctbo stoh njiOTHOCTH, cjie;i;yioni;ee h3 ee onpe^ejienna 

exp (zz/(^(i)[L]) 



p^PjL-X,L;Nf] 



Im 



(L-X-in)- 



p-2jL,L;iV;]-Ap-(')[L;Ar^]. 



(3.26) 



rioHflTHO, HTO anajiorHHHbie cooTHomenHH mo>kho 3anHcaTb h ^jih p^p [L — A, L; Nf] npn 
flpyrnx n;ejibix 3HaHeHHax m > 1: 



Im 



m— 1 



{L — X — in 



A)' p2 Nf] + (-A)- p-« [L; iV;] . (3.27) 



fc=0 



HnTepecHO cpasHHTb pesyjibTaT TaKoii nojinon aHajiHTH3an,HH c aHajiHTH3an,HeH, npnivie- 
78 1 ■ rfle ncnojibsoBajica aHajiHTH3HpoBaHHbiH o6pa3 C2°i'^''\l] b bh^g nanBHoro 



naBmenca b 



pasjiojKenna c yneTOM tojibko 0(ci)-BKJia;i;a: 

= Ps'ATf\L]+c,[3]P^^VA\}\L] 



(3.28a) 



3to pa3Jio»ceHHe mojkho yjiynniHTb, ecjin bmccto o^HoneTJienoro 3apa;i;a c Nf = 3 b cjiara- 
eMOM c 4)aKTopoM Ci Hcnojib30BaTb flByxneTJieBOH rjioSajibnbin sapa^i;: 

Cl-^r[L] = P^'At°^i^'\L]+c^[3]VA^^y'^^°^[L]. (3.28b) 

ripn 3T0M, ji^jin pa6oTbi 7^ Baxcna o6jiacTb = 0.01 — 50 FbB^, hto cooTBeTCTByeT L G 
[—2.8; 6.7], npHHeM o6jiacTb L G [—2.8; 1.1] Heo6xo;i;HMa fljia aHajiH3a BLM-cxeivibi, a L G 
[—1.1; 2.8] — fljia aHajiH3a ay-cxeivibi. 
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Phc. 9: CpaBHeHHe pasjin^HMx "aHajiHTHsaiiHii" BejiHi^HHbi q;^.^2)[^] ^- CnjiomnaH KpHBaa OTeeHaeT tohhoh 
anajiHTHsaiiHH [L], cm. ( |3.22gP co cnexTpajibHoii njiOTHOCTbio l|3.24p . a niTpHxoBaHHafl — naHBHO- 



My pasjioJKeHHK), £j^.^'[L], npHMeHaBineMyca b pa6oTe 78| (cjieBa), hjih pasjioaceHHio ^epes flByxneTjieBbie 
sapa^bi, Cl'^i^^lL] (cnpaBa). 



Ha pHC. [9] Mbi npHBO^HM cpaBHeHHe sthx 4)yHKn,HH bo bcgh o6jiacTH L G [—3; 7]. Ot- 
HOCHTejibHafl oniHSKa nanBHOH annpoKCHMan,HH f l3.28al) MenfleTCfl ot —10% npn L = —3, 
npoxo;],HT ^epea mhrhmym —20% npn L ~ +1 h hotom mohotohho pacTCT —14% npn 
L = +7. B TO me BpeMH, OTHOCHTejibHaa omnSKa ^ByxneTjieBoii annpoKCHMan,HH (13.28bll 
MGHaeTca ot +2% npn L = —3, npoxo;i;HT nepea MaKCHMyM +4% npn L ~ +1 h hotom 
MOHOTOHHO HaflacT flo —4% npn L = +7. Ha SToro oScyjK^eHHa saKJiiOHaeM, hto ncnojibso- 



Bannaa b 



78| annpoKCHMan;Ha (13.28ap cjihihkom rpySa h TpeSyeTca nepenpoBepHTb BbiBo;i;bi 
3T0H paSoTbi, HCHOJibsya Tonnyio (J)opMyjiy aHajiHTH3aii;HH ( 3.22g ) h (13.241) . hto h 5yfleT 
c^ejiano b pasj^ejie IIV B[ 

Hepe^ TGM KaK saKon^HTb stot paa^eji, CKameu necKOJibKO cjiob o ^hcjighhom HHTerpn- 
poBaHHH B (13.221) . Hpo6jieMa a^ecb saKjiio^aeTca b Me^jieHHoii cxo^hmocth HHTerpajiOB na 
'njiioc'-6ecKOHeHHOCTH, Lcr — > +oo, KOTopaa oGecne^HBaeTca tojibko y6biBaHHeM cneKTpajib- 
HOH njiOTHOCTH, B TO BpGMa KaK 1/(1 + 6^^") 1 + 0{e~^'^). Hojio>KeHHe cnacaeT to, ^to b 
oflHoneTJieBOM cjiynae HHTerpaji SepeTca tohho, a npn Sojibinnx L^r ^ 10^ Z-neTJieBbie 
cneKTpajibHbie hjiothocth onenb 6jih3kh k oflHoneTJieBbiM: 

p«[L,iV;]=p«[L,iV^](l + e.[L]) , 

r^e omnSKa JierKO oii;eHHBaeTca ji^jisi KajK^oro aHaneHHa u. OflHoneTJieBbie jkg cneK- 

TpajibHbie njiOTHOCTH aBJiaiOTca npoHSBOflHbiMH o;i;HoneTJieBbix anajiHTHHecKHx aapa^OB b 
npocTpancTBe MnHKOBCKoro, cm. (I3.22bl) . nosTOMy, nanpHMep, b cjiynae eBKJiH;i;oBa rjioSajib- 



Horo aapa^a Gy^eM HMCTb: 

glob;(/)rr I r 1 

^«,ob;(/)[^] = / ^\ } _r '^^ dL^ + + + Ae, 6] + O (e^L + + X,]) . (3.29) 

J I + e 



^jia rjioSajibHbix anajiHTHHecKHx aapa^OB b mhhkobckoh oSjiacTH sto npe;i;cTaBJieHHe ynpo- 
maeTca eiii;e Sojibine: 

= J pr^^'^[^.] dL, + + Ae; 6] + O {e,[U + K]) ■ (3.30) 
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IV. PACHET QAKTOPHSYEMOH HACTH OOPMOAKTOPA HHOHA B ATB 
H AATB 



B 3T0H rjiaBe Mbi paccMOTpHM pac^eT sjiexTpoMarHHTHoro cbopMcbaKTopa (OO) nHona b 



MM, 



OH onpe^ejiaeTCH 



(4.1) 



TeopHH B03MymeHHH KX/1,. KaK xopomo HSBecTHO, CM., nanpHMep, 

MaTpH^HblM SJieMGHTOM 

(7r+(P')l^.(0)|vr+(P)) = {P + P'),FAQ') 

rfle — sjieKTpoMarHHTHbiH tok, sanHcaHHbiH nepea onepaTopbi KBapKOBbix nojiefi, 
{P' — PY = (f = —Q^ — BHpTyajibHOCTb 4)0T0Ha, T. e. KBa^paT Sojibinoro HMnyjibca, 
nepeflabaeMoro nnony ot (J)OTOHa. HopMnpoBan na e;i;HHHii;y -F7r(0) = 1 aa chgt co- 
xpaHeHHfl BeKTopnoro TOKa b KX/J, hto rapanTHpyeTCii sjieKTpoMarHHTHbiM TOJK^ecTBOM 
Yopfla. HcTopH^ecKH hmghho npn pac^eie (J)opM(|)aKTopoB a;],poHOB b KX/J boshhkjio no- 
HSTHe o AaKTopHsanHH acecT KHx (nepTypSaTHBHbix) h MarKHx (HenepTyp5aTHBHbix) BKjia- 



OgI . 97 . [qsI . 99 . lOOl . 101 1 h Smjih onpe jejienbi TaK Ha sbiBacMbie aMnjiHTy^bi pacnpe^e- 



flOB ^ ^ , _ , ^ _ , 

jieHHH (AP) KBapKOB H TJiiooHOB B a^poHax 102l . Il03l . Il04| - HpH 3T0M ;i;oKa3aHHbie TeopeMbi 
(J)aKTopH3aii;HH onpeflejiajin KaKHM oSpaaoM HyjKHO Bbi^ejiaTb BRjia^bi jkcctkhx napTOH- 
Hbix noflnpoii;eccoB, KOTopbie onncbibaiOTca Teopnefi BoaMymeHHH KX^. Hmghho, hh- 
OHa npe^CTaBJiaeTca b bh^g cbcptkh »cecTKOH KX^-aMnjiHTy^bi napTOHHoro pacceaHna c 
flByMa MaipH^HbiMH ajieMGHTaMH onepaTopoB Be^ymero TBHCTa, KOTopbie napaMeTpHsyiOTca 
AP KBapKOB B HanajibHOM h kohghhom nHonax, (/^^^(x, 

F,(Q2) = <=t(g2) + ^non-Fact (g2) ^ ^4_2a) 

Fl^\Q^■^^l,^^l) = fl ^^{x, ®T^{x,y,Q^- ®v^{y, , (4.2b) 

X y 

r^e F^^^{Q'^) — (jDaKTopnayeMaa nacTb OO, onHCbiBaeMaa nepTypSaTHBHoii KX/I, chmboji 
® o5o3Ha^aeT oSbiHnyio CBepTKy {A{z)®B{z) = dzA{z)B{z)) no ;i,ojiaM npo^ojibnoro 

z 

HMnyjibca x (y), jj^p oSoananaeT iviacniTaS (|)aKTopH3aii;HH 5ojibmHx h Majibix HMnyjibcoB, /zr 
— MacniTaS nepenopMnpoBKH KOHCTanTbi CBaan, a p^^^-'P'^^ (^Q'^'j npe^CTaBjiaeT He(J)aKTopH- 
syeMyio nacTb, HaabiBaeiviyio oSbinno "iviarKHM BKjia^OM" (93 |. KOTopaa renepHpyeTca nenep- 
TypSaTHBHbiMH BonpaBKaMH H npn Gojibinnx no^aBjiena ^onojiHHTejibHOH CTenenbio 1 / 
no cpaBnennio c i^J^'^*(Q^). Ba>Kno no^nepKnyTb, hto npe^CTabjienne (I4.2al) CTanoBHTca Bce 
6ojiee nea^eKBainbiM no Mepe Toro, KaK npnGjinacaeTca k m^, nrpaiomeiviy pojib xapaK- 
Tepnoro a;i;poHHoro iviacniTaGa b 3tom cjiynae. 3to CBaaano c napymeHneM npe^^CTaBJienna o 
KOJiJinneapHOCTH KBapKOB b nnone: b stoh o6jiacTH nonepennbie nivinyjibCbi KbapKOB b nnone 
CTanoBaTca cpaBHHMbiMH c m neoSxoflHMO KaKHM-TO oGpaaoM MOflH(J)Hn;HpoBaTb KOJiJinne- 
apnbiii (jDaKTopnayeMbiii BKJia^i; F^^'^^^Q'^), KaK sto c;i;ejiaHO, nanpniviep, b (46|. Kpoivie Toro, 
B o6binnoH TB KX/J iviacniTaS nepenopMnpoBKn fi^ ~ npn ctojib Majibix npnSjin- 
jKaeTca k cnnryjiapnocTn Jlan^ay, TaK nTO caM no^xo^, Teopnn BOSMyntennii CTanonnTca 
neoSocnonannbiM. 

B npe;],CTaBjienHH ( 14.2bp Ti{{x,y,Q'^; jj,'^) — aivinjiHTy^a acecTKoro pacceanna, onncbi- 
Baioni;aa BsanMOfleiicTBHe KOJiJinneapHoii KBapK-anTHKBapKOBOii napbi c nojinbiM nivinyjibCOM 
P, y^apaeMOH BnpTyajibHbiM (Jdotohom c nivinyjibCOM q, b peayjibTaTe nero ona nepexo;i;HT 
onaTb me b KOJiJinneapHyio KBapK-anTHKBapKOByio napy c nivinyjibCOM P' = P + q. 3Ta 
aMnjiHTyfla SbiJia paccHHTana b Teopnn BOSMynienn n KX J n pn Sojibmnx b Bn^e pasjio- 



jKenna no CTenenaM 3(|)(|)eKTnBnoro 3apa;i;a [64, 66, llOSl . Il06 



1106 



Tu{x,y,Q'^;^'p,^i) = as{fi'i)T^\x,y,Q'^) + 



Ti')(x,y,Q^/i|,/i^) + ... (4.3) 



Air 
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5lBHbiH BHfl BKJia;i;oB H T^^ HaM 3;i;ecb He oneHb BajKen (aa fleTajiaiviH OTCbiJiaeivi MHTa- 



Tejia K Hamefi pa6oTe |46|, a TaKJKe k pa6oTe [68|), mm TOJibKO xothm OTMGTHTb noaBJieHne 
xapaKTepHbix jiorapnc^DMOB ln(Q^//i^) h ln(Q^//i|) b T^\x,y,Q'^; iJ,p, /j^), npn^eM nepBbifl 
jiorapH(|)M nosBJiaeTca, KaK h cjie^OBajio oiKH^aTb, b coHeTaHHH c 6n- (t>aKTopoM, hto BajKHO 
p^jin peajiH3aii;HH cxeivibi BpoflCKoro-JlenajKa-MaKKeHsn (BLM) (l07| . 

AivinjiHTyfla pacnpe^ejienHa KBapKOB b nHone napaMeTpnayeT cjie^yiomnn MaTpH^HbiH 
sjieMGHT KajiHSpoBO^HO-HHBapHaHTHoro paa^BHHyToro aKCHajiBHoro KBapKOBoro TOK a mgjk- 



^y (J)H3HHeCKHM BaKyyMOM (0 I H 4)H3H^eCKHM nnOHOM I 7r(P)) C HMnyjIbCOM P 102 



(0 I d{z)j'^j,C{z,0)u{0) I 7r(P) ) = if^P^^ rfxe*^(^^) {x,fxl) ; (4.4) 



(4.5) 



rfle Jt, = 130.7 ± 0.4 MsB |108l | — KoncTaHTa pacna^a nnoHa, a 



C(0, z) = Pexp 



eAl{y)dy^ 



(4.6) 



ecTb (J)a30BbiH CTpyHHbiH (J)aKTop OoKa-IIlBHHrepa, ynopaflOHeHHbifi B;i;ojib npaivioro nyTH, 
coe;i;HHaioiii;ero tohkh h 2;, h bbo^^hmmh fljia oSecneneHHa KajinGpoBOHHofl HHBapnaHTHOCTH 
paa^BHHyToro KBapKOBoro TOKa. Onpe;i;ejieHHaa TaKHM o6pa30M AP nnoHa HivieeT (J)H3HHe- 
CKHH CMbicji aMnjiHTyflbi nepexo^a 4)H3HHecKoro nnona b BajienTHbie KBapK (c HMnyjibcoM 
xP) H aHTHKBapK (c HMnyjibcoM xP, X = 1 — x). MacniTaS jJ^ aBjiaeTca MacniTaSoM nop- 
MHpoBKH nnoHHOH AP H CBa3aH c yO peryjiapH3an,HeH KBapKOBbix nojieBbix onepaTopoB, 
pa3flBHHyTbix Ha cbctobom Konyce. B paSox e |46l| mm n oj],po6HO oScy^HjiH Bonpocbi, CBa- 
3aHHbie c ;i;ByxneTJieBOH 3BOJiioii;HeH EPBJl (Oa . [qqI . 101| AP nnoHa 11 noKasajin, hto ;i;jia 
flHKTyeMoii nenepTypSaTHBHOH KX^ flByrerenSayBpoBCKOH MOflejiH lOOl . lid 



ip^{x, /i^) = 6x(l -x)\l + a2(/i^) Cl''^{2x - 1) + a4(/x^) Cf^(2x - 1) 



(4.7) 



B paccMaTpHBaeMoii 3a;i;aHe c 1%-hoh tohhoctbio mojkho Hcnojib30BaTb o;i;HoneTJieByio sbo- 
jiion,Hio: 



LO/,,2 ,,2\ 



nLO/,,2 ,,2n 



«s(/il 
«s(/^o) 



2xn7i°V{2feo) 



(4.8) 



rfle 7!°'' — aHOMajibHbie pa3MepH0CTH Beflymero nopaflKa, cm. HpHJioaceHHe ICl (IC4bp . 

SanHineM TenepB BbipajKenHe ^Jia (|)aKTopH3yeMOH nacTH nnona (I4.2bl ). nojiynaeMoe 
c Hcnojib30BaHHeM flByrereH6ay3poBCKOH MOflejiH ^jia aMnjiHTy^bi pacnpe^ejieHHa KBapKOB 
B nnone (14771)- (TO : 



F^^^''\Q'■,^^l,^^l) = «.(/i^)-^r(Q';/iF) + 



,,2\ -TrNLO/^2. ,,2 ,,2 



vr 



(4.9) 



r^e KajiJiHrpa(J)HHecKHe Bbipa>KeHHa Hcnojib3yiOTca ^jia o5o3HaHeHHa BejiHMHH 6e3 cooTBei- 
CTByiomHx as-(J)aKTopoB, Be^ymHH BKjia^ gctb 



- ^ [i + 4°(/i^) + 4°(/i^)]\ 



(4.10) 
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a HeBeflymHH 

= &o^^^nQ^/^^,/^D+-^F^nQ^/i^) + CF^^^nQ^/i^) (4.11a) 

npe;i;cTaBJieH b bh^g pa3Jio»ceHHa no xapaKTepnbiM n;BeTOBbiM CTpyKTypaivi (60 — nepBbin 
K034)4)Hn;HeHT paajioaceHna a Cp — rjnoonnbin n;BeTOBOH (|)aKTop, cm. HpHJio- 

jKennelAl flA2D-(lA3D): 



2 r 



5 , 3 + (43/6)4°(/i|) + (136/15)a^"(/i^) , Q 



LO/,,2- 



+ 



i + 40(/x|) + 40(/.|; 



-In 



X 



(4.11b) 



l+a^"(/.^) + ar(/^^) 
15.67 + 4°(/i|) [21.52 - 6.22a^°(/i^)] 
+a5;°(/i2 ) [7.37 - 37.40 40(^2 ^ - 33.61 4°(/x^)] } , (4.11c) 



In 



X 



l + a^O(/i^) + ar(/i^) 



LO/,,2 • 



(4.11d) 



B pasflcjie IIV Al mm 6y;i;eM nccjieflOBaTb npHMeneHHe ATB b aaflane pacncTa (|)aKTopH- 
ayeMoii nacTH nnoHHoro (PO h BbiSnpaTb npn btom MacniTaS 4)aKTopH3an;HH /i| = Q^, hto 
npHBeflCT K o6pain;eHHio J-'i^'^\Q'^] /i|) b hojib. B pa3;i;ejie ace IIV BI mm Sy^CM BbiSnpaTb (J)hk- 
cnpoBaHHbiH MacniTaS 4)aKTopH3an;HH /i| = const h o6cyjK;i;aTb aaBHCHMOCTb peayjibTaTOB 
anajiHsa ot Bbi6opa SToro nocToanHoro anaHeHna MacniTaSa (|)aKTopH3an;HH b HHTcpBajie 
/i| = 1 - 10 TaB^. 



A. ATB: Bi>i6op cxeMbi h MacmTa6a nepenopMnpoBKH 

PaccMOTpHM cnanajia, HTOjraeT npHMeneHne ATB j^jisi (J)aKTopH3yeMOH nacTH nnona, 
cjie^ya b ochobhom paSoTC [4Q|, r^e c caMoro nanajia Bbi5Hpajica MacniTaS (J)aKTopH3an,HH 
f^F — Q^- npn TaKOM BbiSope Jiorapnc^DM ln((5^//i|) o5pan],aeTCfl b hojib h ne B03HHKa- 
CT npoSjiCM c ero aHajiHTH3an,HeH. OflnaKO npH stom B03HHKaiOT 9BOJiion,HOHHbie (|)aKTopbi 
E^'^{Q'^,fil) ~ q;^"(Q2)^ CM.( 14.8p . r^e z/„ = 'yn^/{2bo) — ;],po5Hoe hhcjio, npoBo;],HTB ana- 

JIHTH3an;HIO KOTOpblX B ATB HCT B03M0JKH0CTH. IloSTOMy B Mbl npOBOflHJIH HHCJICHHOe 



pemcHHe ypaBneHHH 3BOJiion;HH EPBJl c aHajiHTHHecKoii KOHCTaHTon CBa3H. TaKHM cnoco- 
60M SbiJiH HCCJie;i;oBaHbi CTaH;i;apTHaa cxcMa nepenopMnpoBKH MS c necKOJibKHMH cnocoSaMH 
BbiSopa MacniTaSa nepenopMnpoBKH (cTaHflapTHbiii /ip = Q^, no npHHn;Hny MHHHMajibnoii 

HyBCTBHTCJIbHOCTH, HO MCTO^y GblCTpeH inefl CXO^HMOCTH, npOCTOe H MOflH(J)Hn,HpOBaHHOe 



BLM-npe^nHcaHHfl), a TaKJKC ay-cxcMa (ill 



1. CxeMa MS 

HiaK, 3aHMeMCfl pa3JiHHHbiMH cnocoSaMH Bbi6opa MacniTaGa nepenopMnpoBKH /x^ b MS- 
cxcMC. OopMyjibi f l4.9l )- (14.11ap noKa3biBaiOT naM, hto 3Ta 3aBHCHM0CTb HMCCTca b 3(J)(J)eK- 
THBHOM 3apfl;],e as(/ij^j, a TaK>Ke b HeBe^ymen nonpaBxe J-n , KOTopaa nponopn,HOHajibHa 
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K034)4)Hii;HeHTy 60 h, TaKHM oSpasoM, aaBHCHT aBHO OT Nf. B peayjibTaTe, ecTecTBGHHO bo3- 
HHKaeT Bonpoc: KaK onpeflejiHTb npaBHJibHoe SHaneHHe Nf b (J^opiviyjiax (I4.9l) - (l4.11ap j^jisi 

HMeeTca necKOJibKO pen,enTOB. Pa36epeM hx no nopfl^Ky. 

(i) B nepBOM h3 hhx npe^JiaraeTca ocnoBbiBaTbca na CTan^apTHOM Bbi6ope fi^ = (hjih 
A^R ~ Q^Z-^PMS: HJIH A^R = Q^/-^FAc) H c;i;BHraTb iJ,^ Ha noporax TajKejibix KBapKOB 
TaK, MToSbi oSecneHHTb nenpepbiBHOCTb caivioro OO. 

(ii) Bo BTopoM noflxofle HcnojibsyeTca BLM-npe;i;nHcaHHe ji^jisi BbiSopa iviacniTaGa nepenop- 

MHpOBKH, = yU|LM5 ^pH KOTOpOM feo-BKJia^i; HOJIHOCTblO o6paiIi;aeTCa B HOJIb. B 3T0M 

cjiynae eflHHCTBeHHofi npoSjieMoii aBJiaeTca Majibie SHaneHHa iviacniTaGa ~ Q^/100, 
nocKOJibKy 60-BKJiafl nojiHOCTbK) OTcyTCTByeT h A^/-3aBHcaiii;He BKJiaflbi ne noabJiaiOT- 
ca. 



(iii) MoflH(J)Hii;HpoBaHHoe BLM-npe/i;nHcaHHe (BLM) npe^jiaraeT HcnojibsoBaTb /i^ = /^Ilm 
TOJibKO, Kor;i;a 3tot iviacniTaS Sojibine hjih nopa^Ka neKOToporo MHHHiviajibHoro Mac- 
niTaSa, Umin, HMeiontero ananenHe neKOToporo xapaKTepnoro a^poHHoro MacniTaSa, 
nanpHMep, m^. Hhjkg SToro ananenHa BLM-MacniTaS 3aMopa>KHBaeTca na BejiHHHne 

l^min, TOJibKO JierKHG KBapKH ^aiOT BKJiafl, H, TaKHM o5pa30M, Nf = 3. 

OSpbiB pa;i;a Teopnn BOSMymenHH na kohghhom Hopa^Ke (b HameM cjiynae — na TpexbeM, 
BTopoH HopaflOK Mbi yHHTbiBaeivi) HH;i;yH;HpyeT ocTaxoHHyio aaBHCHMOCTb peayjibxaxoB ana- 
jiHsa ox MacmxaSa /zr, b xo BpeMa KaK ynex Sojiee bmcokhx Hopa;i;KOB xeopHH B03Myiii;eHHH 
flOJ[>KeH yMGHbinaTb 3Ty saBHCHMOCTb. Mbi npoanajiHSHpyeM necKOJibKO cnoco6oB BbiSopa 
BToro MacniTaSa, npeflj[o>KeHHbix KaK pas c n,ej[bio ocjiaGnTb aaBHCHMOCTb nojiynaeMbix pe- 
syjibTaTOB OT OTSpacbiBaHHa HenaBecTHbix nonpaBOK: 

1. ripOCXeHIHHH H IHHpOKO HCHOJIbSyeMblH cxaH^apxHbiH BbiSop 

fil = (4.12) 

ocHOBaH Ha flOHymeHHH, HTO OTSpacbiBaeMbie BKjia^bi hmgiot nopa^OK h npn > 
10 FbB^ Majibi. O^naKO b o6jiacTH < 10 FsB^ stot Bbi6op ne CTOJib oneBH^en. 



npHHn,HH GbiCTpeHHien cxo^hmocth (FAC), Hpe^JioJKeHHbiii b II2I . 113 |. npe^JiaraeT 



4)HKCHpoBaTb /iR H3 Tpe6oBaHHa, HTo6bi cjie^yiomaa 3a Be^ymeii nonpaBKa hojihoctbio 
oSpamajiacb b hojib. B HameM cjiynae sto oananaeT 



^.'''°(Q';/^^,/x^ = /iLc) = o. (4.13) 



npHHH;HH MHHHMajIbHOH HyBCTBHXGJIbHOCXH (PMS) (ll4l . 115 . 116 . 117 |. C ^pyXOH CXO- 



poHbi, MHHHMHSHpyex saBHCHMOCxb pesyjibxaxoB ox Bbi6opa MacmxaSa xpeSoBanneM 
coBHa^eHHa /xr co CTan,HOHapHOH tohkoh oSopnaHHoro nepTypSaTHBHoro pa^a, t. e. 



d 



dfi 



, =0. (4.14) 



BLM-npe^HHcaHHe |107l | npe^JiaraeT Bce 34)4)eKTbi noj[apH3an,HH BaKyyMa, nponop- 
ii;HOHaj[bHbie nepBOMy K03(|)(|)Hii;HeHxy /?-4)yHKii;HH KX^ bo, nepeBecxn b iiSMeHeHiie 
MacmxaSa 3(|)(|)eKXHBHoro 3apa;i;a KX^: 

J-^^)(Q2;/i|,/i^ = /x|LM)=0. (4.15) 
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Ta6jiHi];a II: MacmTa6bi /^pmSi /^faCi Mblm h A-^h AP nnona: acHMnTOTHHecKoft, BMC h 



AP 


ApAC — Q^/MfaC 


ApMS — Q^/A^pmS -^BLM — Q^//^BLM 


Av = QVixl 




AcHMn. 


18 


27 106 


20 


jiio6oe 


BMC 


16-20 


24 - 29 105 - 117 


20-22 


1 - 50 FsB^ 




146 - 62 


217 - 92 475 - 278 


90-52 


1 - 50 FsB^ 



B Ta6jiHn,e [TTl Mbi noKasbiBaeM HHCJiennbie SHa^eHHH o6cy>KnaeMbix MacniTaSoB 



fljia pasjiHHHbix AP nHo na: 3KCTpeMajibHbix (acHMnTOTHnecKOH |98l . l99l | h HepnaKa- 



>KHTHHnKoro£4>K) |ll8| ) h peajiHCTH^ecKofi — BaKyjieBa-MHxaHJiOBa-CTe(|)aHHca 
(BMC) (l09l . 3to CTaBHT nofl coMHeHne npHMeHHMOCTb npe;i;nHcaHHa BLM npn SKcne- 
pHMGHTajibHO flocTynHbix SHaneHHax b oGmhroh TB KX^. OflnaKO b ATB oho mojkgt 
npHMGHaTbca 6e30 BcaKHx orpaHnneHHii, h, KaK mm ybh^hm, ;i;aeT Bnojine paayMHbie pe- 
syjibTaTbi. 



2. ay-CxeMa 



B pa6oTe 6bijia npeflJio>KeHa MOflH(J)HKan,Ha BLM-npe^nncaHHa b Tax nasbiBaeMOH 
ay-cxeMe, b KOTopoii 3(J)(J)eKTHBHbiH aapafl onpe^ejiaeTca c HcnojibsoBanHeM noTen- 

ii;Hajia b CHCTeMe x aace jibix KBapKOB CooTHomenHe MejK^y 3(J)(J)eKTHBHbiMH 3apa;i;aMH 



MS 



H tty ;i;aeTca 



ml 



BLMyi 



1 + 



47r 



+ ■ ■ 



pfle 



^^^'^ A'-BLM • 



(4.16) 



HHCJieHHbie SHaneHHa MacniTaSa Hv ^AJia Tpex BbiGpannbix nnoHHbix AP noKaaanbi b Ta6jiH- 
n,e[Tll C yneTOM (14 .16^ 0(Q;s)-BKjiafl ^Jia nnona, saflaBaeMbiii (14.111) . MOflH(J)Hn,HpyeTca 
B 3T0H cxeMe cjie^yiomHM oSpaaoM 



ay(/iy) 



- ^^"^HQ^;/i|) + 2^.^°(Q^;/z|). 



(4.17) 



ripH 3T0M B KanecTBe ay(/i^) b ATB mm 5y;],eM HcnojibsoBaTb caM anajiHTHHecKHH 3(|)(|)eK- 
THBHMH aapafl ^i(yU^), KOTopbiii BCio^y Kone^en h no stoh npn^HHe Bnojine noflxo^HT na 
pojib HH3K09HepreTH^ecKoro (|)H3H^ecKoro 9(|)(|)eKTHBHoro aapa^a. 



3. HucAEHHue pesyAbmamu djiH 00 nuona: mpuyMcj) ATB 

npoii;e;i;ypa aHajiHTH3aii;HH nnoHHoro d)opM(j3aKTopa b 0(Q;g)-nopaflKe Be;i;eT k neoflHO- 
3HaHH0CTH, BnepBMG o6cyjK;i;aBmeHca b |45|. Hmghho, B03HHKaeT Bonpoc: ecjin mm 3aMeHaeM 
as(/i^) — > ^i(/i^), TO KaK nocTynaTb c KBa;],paTOM 3(J)(J)eKTHBHoro 3apafla, a^(/i^)? HcTopH- 
necKH Sbijio npejJioaceHO ^Ba pen,enTa ^eiicTBHH: 

(i) B paSoTe [45|| Hcnojib30Bajiacb cxeMa "naHBHOH aHajiHTH3an,HH", b KOTopon a^(/i^) 

[i^f "(Q^;/^l,/^^)]^.,An = Mf^l):F^''{Q'■,^^l) + i^^^-^r°(Q^;/^l,/^^K) • (4.i8a) 
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SaMGTHM, HTO B 3T0M no;i;xo;i;e KBa^ipaT aHajiHTHHecKoii KOHCTaHTbi CB5I3H He HMeeT flHcnep- 
CHOHHoro npe;i;cTaBJieHH5i, a anaHHT h nHOHHbiii 4)opM4)aKTop Toace. 

(ii) Cjieflya npHHii;Hny aHajiHTH3aii;HH nnoHHoro (|)opM(|)aKTopa "KaK ii;ejioro" (goI . 7o| . 
B paSoTe [46] Sbijia npefljiojKena cxeMa "MaKCHMajibHoii aHajiHTH3an,HH", Kor^a Q;^(/i^) — *• 

[F!''\Q'-,f^lf^l)]u..An = -^i(/^r)-^."°WVf) + • (4.18b) 

B 060HX cjiy^aflx b KanecTBe anajiHTH^ecKHx aapa^OB Ai{jJ^) h A2{ij,'^) HcnojibsoBajincb 
flByxneTJiGBbie rjioSajibHbie 3ap5i;i;bi h 

Ha pnc. [To] mm noKasbiBaeivi nojiynenHbie peayjibTaTbi j^jisi 4)aKTopH3yeMOH nacTH nn- 
OHHoro (|)opM(J)aKTopa b pasjiHHHbix no;i;xo;i;ax: b CTaH;i;apTHOH TeopHH B03Myiii;eHHH KX^ 
(cjieBa), B cxeiviax ATB c "naHBHOH aHajiHTHaai^Hefi" (b ii;eHTpe) h c "iviaKCHMajibHOH ana- 
jiHTH3aii;HeH" (cnpaBa). B cjiy^ae CTaHflapTHofi TeopHH B03MyHi;eHHH mm bh;i;hm 6ojibmoe 
pacxo>KfleHHe npe^CKaaanHH b oSjiacTH = 1 — 50 FsB^. Ha jigbom pncyHKe noKaaa- 
Hbi npeflCKaaaHHH, OTBenaiontHe cjie^yiomnM MacniTaSaM nepenopMnpoBKH: CTaH^apTHOMy 
/^R ~ (niTpHxoBaHHaa jihhhji), BLM c /i^jj^ = 1 FsB^ (cHJiomnaa jiHHHa), FAC (niTpHx- 
HyHKTHpnaa JiHHHa) h PMS (nynKTHpnaa JiHHHa). HpocTOH BLM-Bbi5op hphbo;i;ht k pe- 
syjibTaTaM, npocTO ne HOMeni;aioni;HMca b bh^hmoh nacTH pncyHKa. 




Phc. 10: PesyjibTaTbi ^jih Q^F^^*^*, nojiyHenHbie b CTanflapTHoii TB (cjieea), ATB c "naHBHoii anajiHTHsa- 
iIHeii" (b Li,eHTpe) h c "MaKCHMajibHofi aHajiHTHsanHefl" (cnpaBa) . 06o3Ha^eHHfl kphbmx cm. b TexcTe. Bee 
pac^eTbi npoBe^eHbi jijir peajiHCTH^ecKoii AP |109l . lllCll | . 



B cjiynae ATB c "naHBHoii aHajiHTH3an,HeH" (na pncyHKe b n,eHTpe) mm bh^hm ne ctojib 
Sojibmoe pacxoiKfleHHe npeflCKaaannH b oSjiacTH g2 ^ 1 - 50 FsB^ no cpaBHeHHK) co CTan- 
^apTHoii TB KX/J, ocoSghho gcjih ynecTb, ^to Tenepb noKaaanbi npe^CKaaanHH, nojiyneHHbie 
c BLM-npe^HHcaHHeM (nynKTHpnaa jinnna) n b cty-cxeMe (niTpnx-HynKTnpnaa jinnna). Ho 
Bce me sto pacxojK;i;eHHe saMCTHO h ocTaBJiaeT Bonpoc o BbiSope MacniTaSa otkpmtmm. A 
BOT fljia ATB c "MaKCHMajibHOH aHajiHTH3aH;HeH" (na pncynKe cnpaBa) Bonpoc o BbiSope 
MacniTaSa npaKTHnecKH ne BCTaeT BOo5Hi;e: Bce cxcmm (oSoanaHenna kphbmx tg me, hto 
H na H;eHTpajibHOM pncynKe) ;i;aiOT npaKTHHCCKn o;i;nH n tc me peayjibTaTbi! 3tot ncTpn- 
BnajibHbin peayjibTaT npnMenenna ATB, c namen to^kh apenna, CBH^eTCJibCTByeT o Mon],n 
npnnn,nna anajinTnnnocTH b KBanTOBoii Teopnn nojia. 



B. ^ATB: SaBHCHMOCTb ot MacmTa6a (J)aKTopH3aii,HH 



B 3T0M HOflpaa^ejie mm 6yfleM o6cy>KflaTb, hto ^acT npHMenenne ^ATB npn anajinae 
nnonnoro OO. /JATB MO>KeT npnMcnaTbca b ^Byx paanbix no^xo^ax: 
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MojKHO, KaK 3T0 Sbijio c;i;ejiaHO b pa3;i;ejie IIV Al 3a(|)HKCHpoBaTb Hp = m hc- 
nojibsoBaTb ^ATB fljia KoppeKTHoro yneTa 3BOJiioii;HOHHbix (J)aKTopoB E\f{Q'^^n'^) ~ 
B rerenSayspoBCKHx K034)4)Hii;HeHTax 02 (Q^) h «4(Q^); 

MojKHO >Ke, nanpoTHB, 3a(|)HKCHpoBaTb /ip = const h Hcnojib30BaTb /JATB p^jisi Kop- 
peKTHoro y^GTa noHBjiaiomerocfl 3BOJiion,HOHHoro Jiorapnc^DMa ln((5^//i|) b ( I4.11dll . 



HcTopH^ecKH, B paSoTe [78 



Mbi npoaHajiH3HpoBajiH tojibko BTopoH BapnaHT npHMeneHHii 
^ATB. riepBbiH BapnaHT chx nop ne anajiH3HpoBajiCH n mm Bocnojinnivi stot npo5eji b 
pa3iiejie lIV Ci B 3tom me pa3flejie mbi 3aHMeMCH no^xo^OM paSoTbi 78|| n cna^ajia oScy^nivi, 
KaKne H3MenenHfl no cpaBnennio c pa3iiejiOM IIV Al neo6xoiiHMO c^ejiaTB npn HcnojiB30BanHH 
^ATB j^jisi yneTa 3BOJiion;HOHHoro jiorapH(J)Ma b (I4.11dll . 

HTaK, Mbi (|)HKCHpyeM MacniTaS (|)aKTopH3an;HH /x| = const, TaK hto rerenSayBpoBCKHe 
K034)4)Hn;HeHTbi a2(/i|) h 04 TaKJKe CTanoBaTca KOHCTanTaMH, a MacmTa5 nepenopMH- 
poBKH BbiSnpaeM nponopn;HOHajibHbiM Q^: /i^ = \rQ^ ■ B3aMeH y nac B03HHKaeT ^oSaBOK 

(a2(A^Q2)/^)^p^(l,F)^g2.^2)^ ^(^'^)(Q2;^2) cOflGp^KHT ln(QV//|), CM. ([ilTdD . ^Jajib- 

me Mbi npeo5pa3yeM stot jiorapH(J)M OHenn^nbiM o5pa30M: 



In 



In 



^^3 



+ In 



H Torfla 



aliXRQ') In 



flATB 



^(2);glob 
''-2;1 



^(2);glob 



_|_ ^(2);giob 



L(AkQ') +ln 



^^3 
Aij/ip 



^^3 



^(2);giob 

^2 



'(A/?Q')ln.. , 

V^i?/^F 



In 



(4.19) 



(4.20) 



(4.21) 



nocjie;i;Hee cjiaraeMoe b stom BbipajKenHH, A^^''^^°^{Xr Q"^) In (j^^ i flaeT aHajiHTH3aii;Hio Bce- 
ro BKjia^a uKXrQ^) In (^~t^ b no^xo^e "MaKCHMajibnon aHajiHTH3aii,HH" ATB. Cjie^OBaTejib- 

Ho, pa3H0CTb C^^l''^^°^{XjiQ'^) — A^2^'^^°'°{XrQ'^) L{XrQ'^) h ;i,aeT 34)4)eKT aHajiHTH3aii,HH no 
^ATB. HojiynaeMbie npii yneTe BToro BKJia;i;a mm 6y;i;eM o6o3HaHaTb \F^^^ {Q'^)\ 
Ha pncyHKe [TT] mm noKa3biBaeM pe3yjibTaTbi pacneTOB TaKiix npn pa3JiHMHbix 3HaHe- 
HHHx MacniTaSa 4)aKTopH3aii,HH (cm. no^nncb no^ pncynKOM). Pa3JiH^Hbie KpnBbie na pn- 
cyHKC OTBC^aiOT pa3JiH^HbiM cxcMaM H BbiSopaM MacniTaSa nepenopMnpoBKH (o5o3HaHeHHa 
corjiacoBanbi c o5o3Ha^eHHflMH pnc. [TOl) : cnjiomnaa (^epnaa) jihhhsi cooTBCTCTBycT BLM- 
npe;i;niicaHiiio c /i^jj^ = 1 FsB^, niTpnxoBaHHaa (cnnaa) JiHHHa — CTaH;i;apTHOMy Bbi6opy 
A/j = 1, niTpiix-nyHKTHpHaa (3ejieHaa, hohtii cjiHBaeTca co niTpHxoBaHHon) — ay-cxcMC, 
nyHKTiipnaa (Kpacnaa) — BLM-npeflnncaHHio. SaMCTHM, hto npii nocTpoennH sthx rpa(J)ii- 

KOB MM nOJIb30BajIHCb TOHHMM aHajIHTH3IipOBaHHbIM BbipajKCHHeM ( Aj? Q^) , KOTOpOC 

OHCHb 6jiii3ko k npiiSjiHJKeHHOMy, paccHiiTMBacMOMy no (J)opMyjie (I3.28bll . n na 10-20% 
OTJinnacTca ot npnSjiHJKeHHoro BbipajKenna (I3.28ap . Hcnojib30BaBmeroca b paSoTC (78| . 

Mm bh^hm onflTb, hto Bce KpnBbie o^enb 6jih3kh ^pyr k ^pyry: niHpnna nojiocM ot- 
HOCHTCJibHO n,eHTpajibHOH jiHHHH HMCCT nopa^OK 7.5%, a ecjiH ne yHHTbinaTb ^ocTaTonno 
3K30THHecKoe BLM-npeflnHcaHHe — to n bobcc 5%. SaBHCHMOCTb caMHx pe3yjibTaT0B ot 
Bbi6opa MacniTaGa (J)aKTopH3an;HH TaKJKC 0Ka3biBaeTca ohchb Majioii: OTHOCHTCJibnaa pa3- 
HOCTb MCJKfly pe3yjibTaTaMH, OTBCMaiomnMn yu| = 1 FaB^ n /x| = 10 FsB^, cocTanjiacT 1% 
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Phc. 11: PeayjibTaTbi ^jih Q^i^^^''*, nojiyHenHbie b no^xo^e /JATB c pasjiH^HbiMH MacmTa6aMH (jaaKTopn- 
aanHH: /j,p = 1 FsB^ (cjiesa), /Xp = 5.76 FsB^ (b iienTpe) h /^p = 10 FaB^ (cnpaBa). 06o3Ha^eHHfl kphbmx 
CM. B TeKCTe. Bee pae^eTbi npoBe^eHbi ^jia peajincTHHeeKoii AP 108 



p^jisi cjiynaa ay-cxeivibi (flJia flpyrnx BbiSopoB iviacniTaSa nepenopMnpoBKH — eme MGHbine), 
a ecjiH cpaBHHBaTb cjiynafl /x| = 1 FbB^ co cjiynaeM /i| = 50 FsB^, Tor^a OTHOCHTejibnaa 
pa3HHii;a peayjibTaTOB j^oxojijit 2%. 

TaKHM oSpaaoM, HcnojibsoBaHHe npHHii;Hna aHajiHTHHHOCTH TaKJKe CHHJKaeT aaBHCHMOCTb 
OT BbiSopa MacniTaGa 4)aKTopH3an,HH. 



C. ATB H Jl^ATH: H35im,Hoe pemeHHe npoGjieMM noporoB THJKejiMx KsapKOB 

HTaK, Mbi xoTHM TGnepb 3a(|)HKCHpoBaTb Hp = n Hcnojib30BaTb ^ATB ^Jia Kop- 
peKTHoro y^GTa 3BOJiion,HOHHbix 4)aKTopoB /ig) ~ a;^"((5^) b rerenSayspoBCKHx ko- 

34)4)Hn,HeHTax a2(Q^) h a4(Q^). HaM HHTepecHO cpaBHHTb nojiyHenHbiii npn TaKOM o6pa3e 
^encTBHH pe3yjibTaT c tgm, hto mbi nojiy^HjiH b npe^Bi^ymeM pa3flejie. 

Ho npe>Kfle ^eM npncTynHTb k pacneTaivi h nojiynaiomHMca pe3yjibTaTaM, ^aBaiiTe o6- 
cy^HM HpesBbi^aHHO KpacHBoe (no MneHHio aBTopa) pemeHne npo6jieMbi noporoB Ta>Kejibix 
KBapKOB, npe;i;ocTaBJi5ieMoe ATB. HanoMHHM caMH ce6e, b hgm coctoht npoSjieivia. Oopiviyjibi 
(I4.9l) - (l4.11al) noKasbiBaiOT, hto HeBe^iymaa nonpaBKa T^'^"^ nponopii;HOHajibHa ko3(J)(J)hii;h- 
eHTy 6o TaKHM o6pa30M, saBHCHT 5IBH0 OT Nj. 3to h ecTb npo6jieMa: npn BbiSope Nf b 
(jDopMyjiax (14.9p -( l4rilap fljia no CTan^apTnoMy pen,enTy fi^ = n cflnnrax /i^ na no- 
porax TfljKejibix KnapKOB Tax, nToSbi oSecnennTb nenpepbinnocTb caMoro OO, mm nojiynnM 
nnona KaK nenpepbinnyio (|)ynKn,Hio, no ym nnxaK ne anajininnecKyio. 

Pemenne SToii npoSjieMbi b ATB nojinocTbio anajiornnno pen,enTy rjio5ajin3an,nn 3(|)(|)eK- 
THBHoro sapa^a b ATB: 3aBHcani;He ot Nf nepTypSaTHBHbie pe3yjibTaTbi ;i;aiOT naM 3aBHca- 
mne OT Nf cneKTpajibHbie hjiothocth, pa3pbiBHbie na noporax, o;i;HaKO renepHpyeMbie hmh 
nepes ;i;HcnepcHOHHbie HHTerpajibHbie npeflCTaBJienna 3(|)(|)eKTHBHbie sapa^bi b eBRjin^OBoii 
o6jiacTH aBJiaiOTca anajiHTHHecKHMH (i)yHKn;HaMH! 

no;i;po6Hee sto Bbirjia^HT TaK. B (|)opMyjiax (I4.9p - (14.11ap y nac ecTb Tpn Tnna BejiHHHH, 
KOTopbie saBncaT anno ot Nf-. as{Q^), as{Q^Y h bo{Nf)as{Q'^Y , npnneM nepnbie ;i,Be Bejin- 
nnnbi nenpepbinnbi na noporax, a nocjie^naa — paspbinna. Onenn^no, nTO 3Ta nocjie^naa 
nejinnnna renepnpyeT cjie^yiontyio cneKTpajibnyio njiOTnocTb: 

-Im[6o(A^/)a.[^-^^]'] =P2M[L;Nf] = ^ P2[L] . (4.22) 
^ Pf 

TaKnM o5pa30M, y nac KpoMe ^f°''[L] n ^^ ''''f-^] noannica emfi o^na rjioSajinsonannaa ana- 
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jiHTHHecKaa c|)yHKii;Ha ^l'.^^^ [L] , onpe^^ejiaeMaa rjioSajibHoii cneKTpajibHoii njiOTHOCTbio 

ptZ [L] = P2M [L; 3]e{L< U) + p2;6o [L + A4; A]e{U<L< L,) 

+ p2;6o [L + As; 5] ^ (L5 < L < Lg) + [L + Ag; 6] 9 (Lg < L) . (4.23) 

Ha KajK;i;oM h3 3thx Tpex SaaoBbix anajiHTHHecKHx 3(J)(J)eKTHBHbix aapaflOB eme "bbipacTyT 
BeTOHKH" 3a CHGT HajiHHHa 3BOJiioii;HOHHbix (|)aKTopoB. PasGepeM Hx noaBJiGHHe Ha npniviepe 
^f°''[L]. y Hac ecTb cjie^yiomHe 3BOJiion,HOHHbie 4)aKTopbi: eflHHHn,a h naTb 4)aKTopoB THna 

{as[L]Y^ c z/i = 7^ /(2feo), ^2 = 7f /(2&o), ^3 = 27^/(260), ^^4 = (7f + h z/5 = 

274°V(2^o)i T. e. KpoMe ^f°''[L] y nac noaBaTca eme 5 ;i;po6HO-HH;i;eKCHbix anajiHTHHecKHx 
3apfl;],a THna ^1+"^- [L] . 

Tenepb mm MO>KeM BarjianyTb na peayjiBTaTbi pacneTOB nHOHHoro O'l' b pasHbix no^xo- 
^ax: na pncyHKe [l2] nynKTHpnaa (Kpacnaa) jihhhh OTBenaeT noflxofly ATB c "MaKCHMajiBHoii 
aHajiHTH3an,HeH", niTpHxoBaHHaa (chhhh) jihhhh — /JATB c fip = 5.76 FsB^, b to Bpeivia 
KaK cnjioniHaa (nepHaa) jiHHna noKasbiBaeT peayjibxax ^ATB c /i| = (bea^e BbiSpan 
MacmxaS nepenopMnpoBKH /x^ = Q^). 




10 20 30 40 50 10 20 30 40 50 



Phc. 12: PesyjibTaTbi ^jih Q^F^^^*^ , ^OJIy'^eHHbIe b noflxo^ax ATBMaxAn, /JATB c 4)HKCHpoBaHHbiM MacniTa- 
6oM (J)aKTopH3ai];HH h ^ATB c /i| = Q^. 06o3Ha^eHHfl kphbmx cm. b TexcTe. Ha npaBOM pncyHKe npocTO 
yBejiHHen MacmTa6 och op^HnaT, HTo6bi jiy^me mojkho 6biJio yBH^eTb Bce Tpn KpHBbie. 

HojiyHeHHoe corjiacne (na ypoBne 1.5%, hto mojkho yBH;i;eTb na npabofi nacTH pncyn- 
Ka [T2|l BnenaTJiaex! 



D. Ilepexofl b o6jiacTB MnHKoecKoro: pojit ^HcnepcHOHHoro npeflCTaBjieHHa 

Ha flHcnepcHOHHoro npe^CTaBjieHHa (I3.22ap ^^Jisi anajiHTHHecKoro 34)(|)eKTHBHoro aapafla 
KX^ Mbi HMeeM cjie^yioinee npeflcxabJieHHe ^Jia nero b oSjiacxn Q'^ = —s c s > 

roo glob / \ 

^fb(-s) = V.V. / ^'^ ^ U a + Z7ipt°''{s) . (4.24) 
Jo - s 

SaMeTHM a^ecb, hto h3 ^HcnepcHOHHoro npeflCTaBjienHa nHona cjie^yeT, hto HMenno 

3TH Bbipa>KeHHfl ;],OJI>KHbI BXOflHTb B BbipaJKeHHe flJIH 4)aKTOpH3yeMOH naCTH BHOHHOrO 

(c z/ = 1 H = 2) BO BpeMeHHonofloSnoH oSjiacTH nepe^an HMnyjibca: 

s Fj-*(-s) ~ (-Ars) + "^^'"'^"^^^^ ^^'^^ (4.25) 



33 



rfle H — HHCJiOBbie MHOJKHTejin, saBHcamne ot napaivieTpoB 02 h 04 hhoh- 

HOH AP, a Ar — HHCJiOBOH napaMGTp, xapaKTepHayiomHH Bbi5op MacmTa5a nepenopMnpoBKH 
I^R = ^rQ^- HoaBJieHHe mhhmmx nacTeii b BbipajKeHHax coBepmeHHO ecTecTBeHHO h 
CBaaano c po^K^eHHeivi peajibHbix (J)H3HHecKHx ^acTHu,. Kohg^ho, b Hameii mo^gjih 3(J)(J)eK- 
THBHoro aapa^a SesMaccoBoii KX/I, b KOTopofi hgt yneTa a^poHH3an,HH cboSo^hmx KBapKOB 
B peajibHbie (J)H3HHecKHe ^acTHn,bi h noporn Ta>Kejibix KBapKOB y^HTbiBaiOTca ^ocTaTOHHO 
rpy6o, 3Ta MHHMaa ^acTb OTjiH^na ot ji^ame h b o6jiacTH Majibix s ~ m^, r^e HHKaKHx 
(J)H3HHecKHx HacTHii; He pojKgaeTca, HO 3tot He;i;ocTaTOK mojkgt SbiTb HcnpaBJien, KaK sto 
npe;i;jiojKeHO b paSoTax |62l . IllOl . 11201 . 

TeM He Menee, b stoh o6jiacTH BKJiafl AaKTopHaoBanHOH nacTH nnoHHoro b cyM- 
MapHbiH (I4.2al) Maji (;i;eTajiH cm. b TaK hto 3tot He;i;ocTaTOK ne ctojib BajKen. B 

oSjiacTH me s > y namero BCio^y HMeeTca MHHMafl nacTb h sto xopomo oSiiHCHHeTCH 
3(J)(J)eKTaMH pojK^eHHfl peajibHbix Sl^pohob. KaK pas OTcyTCTBHe mhhmoh nacTH y nn- 
ona B 3T0H oSjiacTH flOJi>KHO Sbijio 5bi Bbi3biBaTb HefloyMeHHe. A HMenno TaKoe OTcyTCTBHe 
rapaHTHpyeTCfl HcnojibsoBanHeM npH pacneTe anajiHTH^ecKoro 3(J)(J)eKTHBHoro aapfl^a 
2l(y(s), npeflJio>KeHHoro b 18|, |19|| ^jih onHcanHH ce^enHH e^e~-aHHHrHjifln,HH b aflpoHbi. /J^jih 
ceneHHa, KOTopoe ^ojijkho SbiTb Bcer;i;a Bem;ecTBeHHbiM, TaKoe npe;i;jio»ceHHe coBepmenHO 
onpaB^iaHO h flaeT, KaK mm roBopnjiH bo BBe;i;eHHH, Bnojine paayMHbie peayjibTaTbi. A bot 
fljia pacneTOB TaKoe HcnojibsoBaHne OKasbiBaeTca (|)H3HHecKH HeonpaB^^annbiM — a^ecb 
HyjKHO Hcnojib30BaTb aapa^i; (14.24p . t. e. Af^°^{—s). 

HacKOJibKO BajKHO TaKoe yTonneHHe ^HCJienno ^Jia aGcojnoTHoii BejiHHHHbi OO? Ha JieBoii 
nanejiH pnc. [13]Mbi cpaBHHBaeM saBHCHMOcra — ivr]| (cnjiomnaa jiHHHa) h 2t[^'*[Ls] 

(mTpHXOBaHHaa jihhhh) , a na npaBon nanejin 3Toro pncynKa noKaaana OTHOCHTejibnaa paa- 

HOCTb 3THX flByX (i)ym<^HH, A(s) = l-2lS^^(s)/|^S^Vs)|- Xopomo BHflHO, HTO MaKCHMajIb- 
Hoe OTjiHHHe HMeeT nopa^OK +15% h ^ocTHraeTca npn s ~ 0.03 FaB^. 

y^HTbiBaa, HTO B peajibHbix npnjiojKeHHax anajiHSiipyiOTca flocTaTOHHO Sojibmiie ana- 
Heniia s ~ 6 — 10 FsB^, nojiy^aeTca, hto HiicjienHO aapafl 2li(s) OKasbiBaeTca ^ocTaTOHHO 
6jih30k (na ypoBHe 3%) k |^i(— TeM ne Menee, naM npe^iCTaBJiaeTca BajKHbiM c;i;e- 
jiaHHoe yTOHHeniie, nocKOJibKy oho noKasbiBaeT ne aScojiiOTHbiH xapaKTep anajiHTHHecKoro 
aapa^OB 2ljy(s) b oGjiacTii MnnKOBCKoro: ohh npnroflHbi TOJibKO ^jih onHcanHH Bejiii^iin Tiina 

Ce^eHHH R{s) = ae+e-^hadmns{s)/o'e+e-^/i+n-{s), HO He <1><1>, ^Jlfl KOTOpblX anajIHTH^eCKHe 

CBoiicTBa, T. e. ^HcnepcHOHHbie npe^CTaBjieHHfl Tnna (I2.7p . ^HKTyiOT HcnojiBSOBaHHe aapfl^OB 
HHTepecHbiM cjieflCTBHeM HCHOJibsoBaHna 4)opMyjibi (14.241) ;i;jia nnona b mhhkob- 




Phc. 13: Cjiesa noKasanbi saBHCHMOCTH \A{ [Ls — i7r]| (cnjiomnafl jiHHHa) h Sl-^ [is] (niTpHxoBaHHaa jih- 
HHfl), cnpasa — A(s). 
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CKoii oSjiacTH aBJiaeTca (|)HKcaii;H5i MacniTaSa nepenopMnpoBKH na SHaHeHHH = 
^eiicTBHTejibHO, MHHiviaa nacTb Af^°^ ("-^r-s) nponopii;HOHajibHa cneKTpajibHOH njiOTHOCTH 
TT pg,'"*" (Ars), KOTopaa CKaHKaMH MenaeTca npn nepeceneHnH noporoB TajKejibix KBapKOB, 
T. e. npH ArS = rriQ (r^e Q = c,b,t), cm. o6cyjK;],eHHe b paa^ejie III B[ H TOJibKO npn bbi- 
5ope Ar = 1/4, T. e. /x^ = (5^/4, nojiojKeHHa sthx HeperyjiapHOCTefl b mhhmoh nacTH 
nnona coBna;i;aiOT c KHHeiviaTHHecKHMH noporaiviH oSpaaoBanHa napbi TajKejibix KBapKOB, 

V. PACHET niHPHHbl PACnA^A ^bbB ^ATB 

SaiiMeMca Tenepb npHJiojKeHHeivi ^ATB b 3a;i;aHe pacneTa mnpHHa pacna^a Soaona 
Xnrrca na KBapK-aHTHKBapKOByio napy bb. B CTaH;i;apTHOH TeopHH BoaMymeHHH h3- 
3a anajiHTH^ecKoro npoflOJi>KeHHfl h3 rjiySoKO eBKjiH^OBoii b rjiySoKO MHHKOBCKyio o5jiacTb 
B03HHKaiOT TT^-floSaBKH B K034)4)Hn,HeHTbi pasjioJKeHHa: Vk = dk + 0(7r^), CM., nanpHMcp, 



8j|. 3th BKjiaflbi MoryT 5biTb bcjihrh, ocoSchho fljia BbicniHx K03(J)(J)Hn,HeHT0B pa3Jio>Ke- 
HHa. Cjie^OBaTejibHO, ^aace npn bbicokhx sneprHax, cymecTBennbix ^jia aHajiH3a pacna^a 
XHrrcoBCKoro Soaona, yncT sthx BKJia;i;oB bo bccx nopaflKax pa3Ji0JKeHHa npe;i;cTaBJiaeTca 
BajKHbiM. Ho HMCHHO TaKOH yHCT H ^^ocTaBJiacTca npHMCHeHHeM ^ATB^: anajiHTHHecKHe 
34)4)eKTHBHbie aapaflbi co;i;epjKaT Bce 7r^-BKJia;i;bi BHyTpn ce5a aBHO no nocTpocHHio! 

Pac^CT r(H bb) c HcnojibsoBaHHCM (|)yHKn,HH Rs npoBO^HTca b MS-cxcmc c yncTOM 
3BOJiion,HH KaK 3(|)(|)eKTHBHoro sapa^a h ero CTeneneii, Tax h Maccbi 6-KBapKa, cjie^ya pa5o- 
"tgI]. Mbi cpaBHHM nojiy^eHHbie pe3yjibTaTbi c nojiynenHbiMH TaK>Ke b MS-cxcmc b pa6o- 



TC 

Tax 



7ll . l84l . l85l . l86l |. r;i;e mnpoKO ncnojibsoBajica 3apafl = Os/tt, TaK hto h mm 5yfleM ero 



HCnOJIb30BaTb. 



A. CTan^apTHaa Teopna BOSMymeHHH ^jih Rs 

Pacna^ Soaona Xnrrca b KBapK-aHTHKBapKOByio napy bb b KX/I onncbiBacTca c noMon^bio 
KoppejiaTopa flbyx CKajiapnbix (S) 6-KBapKOBbix tokob J§ = ^b^b 

n(g2) = J dxe^'^^Ol T[ J,'(x) 7,^(0) ] |0) , (5.1) 

c = —q^. Ero MHHMaa nacTb Rs{s) = Imn(— s — ie)/{2ns) onpe;i;ejiaeT nojinyio ninpHny 
pacna;i;a: 

r(H ^ bb) = ^^M^ml{Ml)R^{Ml) , (5.2) 

rfle Mh — Macca xnrrcoBCKoro 5o30Ha, a mb{Q'^) — 3BOjnon;HOHHpyioni;aa Macca 6-KBapKa. 
HBHbie MHoroncTjieBbie pacHCTbi oSbi^ho npoBonarca b eBKjinnoBOH oSjiacxn ^jia OTBC^a- 



lonteii KoppejiaTopy (15. ip (|)yHKn,HH Aj^jiepa Ds [711, l72l . l84l . l85l . Il2l| , r^e xopomo paSoTacT 



^ HnTepecHO aaneTHTb, hto b pa6oTe [t^ 6biJiH (jaaKTH^ecKH aanncaHbi ocHOBHbie (J)opMyjibi l-neTJieBoii 
^ATB B npocTpancTBe MnHKOBCKoro h ^ajKe o6cyjK/];eHa (J^yHKiiHOHajibHaa cxeMa nepexo^a h3 gbrjih- 
flOBoii o6jiacTH k mhhkobckoh. Ho saieM aBTopbi npoBO^HJin pasjioJKeHne no BOSBpamaacb TaKHM 
o6pa30M K CTaHflapTHoii tgophh BOSMymenHii KX/J. 



35 



Teopna BoaMymeHHH KX^: 



n>l 



(5.3) 



Sflecb MM Hcnojib30BajiH o6o3HaHeHHe = a^/TT, a THJib;i;a na^i; Ds{Q^; n'^) HanoMHHaeT, 
HTO 3Ta (J)yHKii;Ha BKJiiOHaeT b ce6a TaKJKe 4)aKTop mKQ'^). B corjiacHH c o5cyjK;i;eHHeM b 
paaiiejie HTl nocjie ypaBHenHa fl2.6bll mbi MO>KeM cpaay >Ke sanHcaTb ^jia cooTBeTCTByiomee 
pasjioJKeHHe (cm., nanpHMep, |86l|): 



Rs(s) = Rs(s,s) = 3m?(s) 



n>l 



(5.4) 



Ko3(|)(|)Hii;HeHTbi Tn sflGCb coflepjKaT xapaKTepHbie 'vr^-BRjia^bi', CBaaannbie c HHTerpajib- 
HbiM npeo6pa30BaHHeM R (anajiHTH^ecKHM npoflOJi>KeHHeM) CTenenen jiorapH(J)MOB, noas- 

JIHIOmHXCH B Da,. 3tH JIOrapHC^DMbl B03HHKaiOT H3 ^ByX paSJIH^HblX HCTOHHHKOB: O^HH — H3 
K034)4)HIi;HeHTOB dn{Q'^ / jJ?') B Dg,, nOaBJIGHHe JIOrapH(i)MOB B KOTOpblX CBaaaHO C aaBHCHMO- 

CTbK) 3(|)(|)eKTHBHoro 3apa;i;a as{jj^) ot /x^, flpyrne CBaaanbi c najiHHHeM 4)aKTopa m^(Q^) h 
onpeflejiaiOTca K0M5HHaii;HeH aHOMajibHbix pasMepHOCTeft Maccbi KBapKa (cm. IIpH Jioace- 
HHe[D|) H K03(|)(|)Hii;HeHT0B /?-(|)yHKii;HH bj, yMHOJKeHHbix Ha CTeneHH tt KaK 
noKaaajiH He^aBHHe pacneTbi, BbinojiHenHbie b [s^ ]. y^eT laKHx vr^-BRjia^OB mojkgt SbiTb 
cymecTBeHHbiM: 



[Sml] 'Rs 



1 + 5.667 a, + al [51.57 - 15.63 - Nj (1.907 - 0.548 )] 
+al [648.7 - 484.6 - Nf (63.74 - 37.97 ) + N] (0.929 - OM 
[9470.8 - 9431.4 - Nf (1454.3 - 1233.4 ) 
+Nj (54.78 - 45.10 ) - A^^ (0.454 - 0.433 



(5.5) 



B 3T0M BbipajKeHHH Mbl HOflHepKHyjIH Te TT^-BKJiaflbl, KOTOpbie B03HHKaiOT 3a CHGT anajiHTH- 

^ecKoro npoflOJiJKeHHa h3 eBKjiHflOBoii oSjiacTH b MHHKOBCKyio. JlerKO bh^ho, ^to nojiHbiH 
BKjia^ TaKHx ^jienoB no nopa^Ky BejiHHHHbi cpaBHHM co SHaneHHeM Hcxo^noro koscJdcJdh- 
n,HeHTa dn, oco5eHHO b cjiynae K03(|)(|)Hn,HeHTa d^. TaKHM oSpasoM, neoSxo^HMO npoBecTH 
yneT TaKHx BKjia;],OB bo Bcex nopa^Kax TeopHH BOSMymenHH. Hmghho sto h no3BOJiaeT c^e- 
jiaTb noflxofl ^ATB, npHHCM TaKofi yneT npoH3BOflHTca aBTOMaTH^ecKH 5e3 Hcnojib30BaHHa 
flonojiHHTejibHbix npoii;eflyp onTHMH3aii;HH. ^eficTBHTejibHO, b ^ATB naM ne nyjKHO pa3Jia- 
raTb nepeHopMHpoBOHHbie MHOJKHTejiH b pa^i; no jiorapH(J)MaM — bmgcto SToro mm mojkgm 
npeoSpasoBaTb nx b MHHKOBCKyio oSjiacTb 'KaK n;ejioe' nocpe;i;cTBOM AM-onepan;HH. 

SaBepniHM oScyjKaenne CTaH;i;apTHoro no;i;xo;i;a HncjiennbiM pe3yjibTaT0M b 0(a^)- 
nopa^Ke, B3aTbiM h3 (84| : 



[3ml] ^ Rs = l + 5.6668a, + 29.147 + 41. 758 a^- 825.7 



(5.6) 
(5.7) 



B nocjie^neM ypaBnennn Bbi6paH0 a, 
Mh = 120 TsB. 



1 + 0.2075 + 0.0391 + 0.0020 - 0.00148 . 

as(My) = 0.0366, hto OTBenaeT Macce 5o30Ha Xnrrca 
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B. AnajiHS Rs b fl^ATB 



CnaHajia mm nocTpoHM aHajiHTH3aii;Hio Bbipa»ceHHa ;i;ji5i Rs, CHHTaa, hto K094)4)Hii;HeH- 
Tbi dn B (I5.3P He saBHcaT ot Nj, a hmghho, 3a(|)HKCHpyeM hx na SHaneHHax, OTBenaioinHx 
Nf = 5, CM. IlpHJiojKeHHe [Dl (jDopMyjibi (ID2p . HanneM c yncTa 34)4)eKTOB, CBaaaHHbix c 
nepcHopMHpoBKOH Maccbi 6-KBapKa. 3BOJiion,Hfl m(/)(Q^) b /-ncTjieBOM npH5jiH>KeHHH, KaK 
noKaaano b npHjio>KeHHH [Pl MoaceT Gbitb aanHcana b bh^c ( 1E12I ). TaKHM oSpaaoM, aa^a^a 
aHajiHTH3an,HH BbipajKCHHa ^jia CBCJiacB k 3at^,aHe aHajiHTH3an,HH npoHSBeflenHii BH^a 



(5.8) 



rfle m^^^ ecTb npocTO HHCJiOBaa KOHCTaHTa. B npHHii;Hne, mojkho ;i;eHCTBOBaTb TaK KaK 6biJio 
npefljiOKCHO B 76||: pasjioJKHTb f(^i)(as[L]) b pa^ no CTenenHM (^^[L])™ h saTCM npHMCHHTb 



/JATB K BTOMy paajiOKCHHio, KOTopoe, 6jiaro;],apa aHajiHTH3an,HH, oneHb SbicTpo cxo^HTca 
(flOCTaTOHHO yncTa ncTbipex nopfl^KOB ^jia flocTHJKCHHH TOHHOCTH, jiy^men 0.01%). 

0;i;HaKO, Mbi npe^jiaracM a^ecb ncnojibsoBaTb bcio MOinb ^ATB h nojiy^HTb TOHHbie 
(|)opMyjibi j^jisi aHajiHTH3aii;HH BbipajKeHHH (15. Sp fljia cjiynacB, Kor^a /(;)(as[L]) npeflCTaBHMa 
B BHfle (IE7I) HJiH (lElOal) . PaaSepcM noflpoSno cjiynafi flByxncTJieBOH 3bojiioii;hh (IE7p . 

/(2)(tts) = [1 + , 

nocjie Hero o6o6iii;eHHe na cjiynafi (lElOa^ CTancT oneBHflHbiM. HTaK, mm xothm nocTpoHTb 
rjioSajibHbiH anajiHTHHecKHH oSpaa BbipaiKCHHa 

Bl'^ [L; {6, /i}] = («f ) [L]) ^ [1 + 5 af [L]] ^ (5.9) 

('2) 

T. e. HaM Hy:>KHO nocxpoHTb cneKxpajibHbie njiOTHOc™ p^^|^^|[L; TVj], OTBe^aiomHe nepxyp- 
6aTHBH0My BKJia^iy Bl [L; {6, ^}] npn 3a;i;aHHbix HHCJiax (J)jieHBopoB Nf. CneKTpajibHaa 
njiOTHOCTb y nac onpeflejiacTca mhhmoh ^acTbio Bp [L — in; {6,fi}], npn^eM mm anaeM h3 

g*¥'(2)[i] 

ai^\L - iTi; Nf] 



Tor^a MM MOJKCM sanHcaTb 

l + 5a^^^[L-i7r;Nf] 



^iiPAlL,S,Nf] 

RA[L,6,Nf] 



r^e 



RA[L,S,Nf 



PfRi2)[L] 



/3} R^^ [L\ + 25 (3f i?(2) [L] cos if^^) [L] + 6^ 



ip^[L,6, Nf] = e{6) arccos 



PfR(2)[L] + S COSV?{2)[^] 



Pj Rf^^ [L]+25 Pf i?(2) [L] cos V5(2) [L] + 5^ 



(5.10a) 



(5.10b) 



(5.10c) 



rfle £(a;) — (|)yHKn,HH snaKa nepeMCHHOH x (t. e. e{x) = +1 p^jiii x > u e{—x) = —e{x)). Ho- 
cjie SToro MHHMafl nacTb (15. 9p onpe^ejiaeTca sjieMCHTapHO, TaK ^to hckommc cncKipajibKbie 

njIOTHOCTH eCTb 



sin [u v9(2) [L] + fx if A [L, 5, Nf 
{(3fR^2)[L]y{RA[L,6,Nf]y 



(5.11) 
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a rjio6ajibHaa cneKTpajibnaa njiOTHOCTb onpe^^ejiaeTca no hhm no 4)opMyjiaM Tnna 

(13.201) . B peayjibTaTe anajiHTH^ecKHii o6pa3 BbipajKenna (15. Sp . KOTopbiii mm 6yfleM o6o3Ha- 
^aTb ?B|f_].'^|!|°'^[L], onpe^ejiaeTca b ^ByxneTjieBOM npH5jiH>KeHHH c noMontbio cneKTpajibHoii 
njiOTHOCTH (Bbipa>KeHHa ^jia 6i h Ui cm. b npHjioacennn [El — (|)opMyjibi (IE7I )). 

B TpexneTjiGBOM nafle-npH5jiH>KeHHH neoSxo^HMbie cneKTpajibHbie njiOTHOCTH hmgiot 

CJie^yiOmHH BHfl 



.(3) 

/^Bi,{<5i,/^i;(52,Ai2} 



[L;Nj 



sin [z/ v9(3_p) [L] + niLpA[L,Si,Nf] + H2(Pa[L,52, Nf]] 



(5.12) 



rjioSajibnaa cneKTpajibnaa njiOTHOCTb 



(3);glob 



{Si,fii;52,fi2} 



[L] onpe^ejiaeTca no hhm no ^opuyjiau 



THna (13.201) . n anajiHTHHecKHn oSpaa BbipajKenna (15.81) . oSoanaHaeMbin ?B^^_|.'^^°''[L], onpe;i;e- 



J3);giob 



jiaeTca c noMoni;bio cneKTpajibnon hjiothocth Pb"+ ~{S22 i'22--S23 U2a}\--^^ (BbipajKenna ji^Jisi 622, 
^22-, ^23 H ^2Z CM. B ripHJioacenHH [E1 — (J^opMyjibi (lElOl) ). 

/],jia nojiyHenna i^g^"^™'^, mm npHMennM onepan;Hio Am, onncannyio b paa^ejie [ITf°: 



(/)flATB;5, 



3 m 



(0 



(O;giob, 



n>l 



TT 



(5.13) 



r^e BepxHHH nn^eKC (/) oGoananaeT neTjieBoii nopa^OK 3BOjnon,HH n b to jkg caMoe BpeMa 
nopa;i;oK nepTyp6aTHBHoro paajiojKenna D s-^ysK\^m. HoflnepKneM, hto 3to BbipajKenne 
CTpoHTca H3 Tex jKe caMMx K034)4)Hn;HeHTOB MTO H eBKJiH;i;oBaa Z)g'''^-(J)yHKn;Ha, n mto 
rjio6ajibHbie anajiHTHnecKne aapaflbi 23^'^^^°'' noSpajin b ce6a Bce 3(J)(J)eKTbi 3BOjnon;HH Maccbi, 
a TaKJKe Bce 7r^-BKJiaflbi. ^ 

B TO >Ke BpeMa, mm mo^kcm nocTpoHTb nojinyio aHajiHTH3an,Hio i?^"^^^, abno ynnTbiBaa 
saBHCHMOCTb K034)4)Hn,HeHTOB pasjioJKeHHa OT N f B nojiHOH anajiornn c tgm, KaK mm c^e- 
jiajiH 9T0 fljia nnona b paa^ejie IIV CI TaM nepTypSaTHBHbie (J^opMyjibi TO>Ke coflep>KajiH 
aBHyio iVj-3aBHCHM0CTb H 3T0 npHBCJio npocTO K onpe^ejiennio hobmx cneKTpajibHMx njiOT- 
hoctgh. To^ho TaK>Ke mm MO>KeM ^eiicTBOBaTb h a^ecb: KpoMe cneKTpajibnbix njiOTnocTen 

+°''{ }' OTBenaioni;HX rjioSajibnbiM anajiHTHnecKHM 3apa;i;aM 05^'^^°'', noanaTca TaKJKe flo- 
nojiHHTejibHbie rjioSajibnbie cneKTpajibnbie hjiothocth, nocTpoennbie na ochobg BbipajKennn 
Tnna d^iN f) Pb ^ { }, KOTopbie ^a^yT naM noBbie anajiHTHHecKne sapa^^bi Coot- 
BGTCTByiomaa nojinaa /JATB 4)opMyjia 6yfleT TaKoii: 



(OflATB, 



s) = AM[Df] = 3 m' 



n>l 



TT'' 



(5.14) 



C tohkh apenna npHHn;Hna aHajiHTH3an;HH Bcero BbipajKenna "KaK n;ejioro", TaKon noflxofl 
npe;i;cTaBJiaeTca naM nanSojiee nocjie;i;oBaTejibHbiM. B mhhkobckoh oSjiacTH on npHBO^HT k 
pesyjibTaTaM, otjih^hmm ot HacTHnnoii aHajiHTH3an,HH, Kor^a K03(|)(|)Hn,HeHTbi pasjioJKenHa 
"saMopajKHBaiOTca" na KaKOM-jinSo snaHenHH Nf (b btoh 3a;],a^e ecTecTBennon npe^CTaB- 
jiaeTca oSmhho 3aMopo3Ka na ana^ennH Nf = 5). B caMOM ^ejie, Kor^a mm BCTaBjiaeM 



BepxHHH HH^eKC "5" b /^('W*"'"^'^ HanoMnnaeT naM, hto mm sacjjHKCHpoBajiH snaHeHHa KOScjjcjjHiiHeHTOB 



dn npH Nf = 5. 
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A^/-3aBHC5iiii;He nacTH b cneKTpajibHyio njiOTHOCTb, b mhhkobckoh oSjiacTH mm nojiynaeM b 
HeKOTopoM po^e ycpe;i;HeHHe K03(J)(J)Hii;HeHT0B dn{Nf) no necKOJibKHM SHaneHHaM Nj. TaK, 
B oSjiacTH s ~ (100 FsB)^ K034)4)Hii;HeHTbi 5yflyT 3(J)(J)eKTHBH0 ycpeflHaTbca no anaHenn- 
aM Nf = 5 (HHTerpHpoBanne no Lg ^ 12) n Nj = 6 (nHTerpHpoBanHe no Lg > 12), ^to 
npHBe^GT K noHHJKeHHK) peayjibTaTa ji^jin -Kg [s) b cpaBnennn c /ig [s). 



C. CpaBHeHHe pasjiHHHbix no^xoflOB k pacHeiy Rs 

B 3T0M paa^ejie mbi cpaBHHBaeM peayjibTaTbi pac^eTOB Rs b paajin^nbix no^xo^ax. 



BpoflxepcT, KaTaeB n MaKCBejiJi (BKM) [71| b no^xo^e Tax nasbiBaeMon "nanBHon 
Hea6ejiHHH3an,HH" (HHA) ncnojibsoBajin ^jia pacneTa -Rs onTHMH3an,Hio CTenennoro 
pa3Jio>KeHHa, ocnoBannyio na MeTO^e "KOHTypnoro HHTerpHpoBanna". Hx pe3yjibTaTbi 
o^enb 5jih3kh k o^noneTjieBOiviy no^xo^y /JATB (cm. Sojiee noflpo5Hoe o5cy>K^eHHe b 
H): 



R. 



(/=i);],atb. 



s) = 3 m 



(/=i) 



n>l 



vr" 



(5.15) 



HMeeT CMbicji yTonnnTb Hcnojib3yeMbie 3Ha^eHHa A*^^-'. B paSoTe [76| npnMenajiocb 
3Ha^eHHe Aiv^=3 ~ ^12 MsB, npeflJioJKennoe b |122l | ^jia Nf = 3, a no cyin 
flOJiJKHO 5biJio 6bi Hcnojib30BaTbca OTBeHaioni;ee STOMy BbiSopy 3HaHeHHe A^^^'^^^^ = 



221 MbB. S^ecb >Ke mm Hcnojib3yeM A 



(i);2 

Nf=5 



111 MaB, nojiynaeMoe h3 TpeSonanna 
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(i);giob. 



0.120. B pe3yjibTaTe cooTBCTCTByiomaa STOMy BM5opy nynKTnpnaa 



(3ejienaa) Kpnnaa na pnc. [14] 0Ka3MBaeTca nH>Ke hhcto nepTypSainnnoro pe3yjibTaTa 
(niTpnxonannaa Kpacnaa Kpnnaa) na 8% (b [t^ cooTBCTCTByiontaa Kpnnaa nijia Bbime 

na 16%, a npn BbiSope A^^'^^^ = 221 MaB — ona 0Ka3MBaeTca Bbinie na 8%). 



BaiiKOB, HeTbipKHH n Kion (BHK) [8j| Hcnojib30BajiH CTan^apTnyio Teopnio B03My- 



ni;eHHH b (9(ag)-nopaflKe, cm. (|5.5I) . c ^n]=5 ~ ^31 MbB: 



3m(;^4)(s) 



1 + E^"(5) 



(«=4) ■ 



n>l 



TT 



(5.16) 



• B noflxofle ^ATB c "3aMopo3KOH" K03(J)(J)Hn;HeHT0B dn{Nf) na 3HaHeHHH c?„(5) (TaK»ce 
KaK n B npe^M^yntnx ^nyx no^xo^ax) mm nojiynacM n pe- 
3yjibTaT f[ji5i ^n]=5 — 261 MbB (nopMnponxa na 2tf ■''^'°''(m|) = 0.120) npe;],CTaBjien 
na JienoH nacTn pnc. [M] cnjiomnoii (cnneii) jinnneii. Bn^no, hto on onenb 6jin30K k 
pe3yjibTaTy BHK (oTjinnne nMCCT nopa^OK 2%, a ecjin cpannnnaTb c TpexneTjienbiM 
pe3yjibTaT0M BHK — 1.5%). 

• B noflxofle ^ATB c nojinon aHajiHTH3an;HeH A^/-3aBHCHM0CTeH mm nojiynacM 
i?g^'*"^^™(s), CM. (I5.14p . Pe3yjibTaT noKa3an cnjiomnon (cnnen) KpnnoH na npanoii 
nacTH phc.[T4]h, KaK mm h oacnflajin, 0Ka3ajica Mcnbine "3aMopojKeHHoro" pe3yjibTaTa. 
3to OTJiHHne MenacTca ot 12.5% (npn Mh = 50 FaB) flo 16.5% (npn Mh = 150 FbB). 
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TaKHM o6pa30M, mbi MoaceM c^ejiaTb BbiBO^, hto pa^ CTan^apTHOH TeopHH B03Myiu,eHHH 
KX/]^ H HecTeneHHoe pasjiojKeHHe /JATB b o6jiacTH GojibniHx jiorapH(J)MOB L OKasBiBaiOT- 
ca 6jih3kh b cii;eHapHH c saMoposKOH K034)4)Hii;HeHTOB dn{Nf) Ha SHaneHHax, OTBenaioinHx 
Nf = 5. HojiHaa ^ATB c aHajiHTHaai^neii Bceii aaBHCHMOCTH nepTypSaTHBHbix peayjibTaTOB 
OT Nf ecTecTBGHHO flaeT flpyrofl, b Hameivi cjiynae MenbinHH, peayjibTaT. y;i;HBJi5iTbca TyT 
Heneiviy, nocKOJibKy, KaK mm yme roBopnjiH, TaKaa aHajiHTH3aii;Ha 34)4)eKTHBHO ycpe;i;HaeT 
K034)4)Hn,HeHTbi dn{Nf), HTO npHBO^HT K Hx yMGHbineHHio H, KaK peayjibTaT, K yMGHbine- 
HHK) Bcen cyMMbi necTeneHHoro pa^a. HtoSm npoanajiHSHpoBaTb stot 3(|)(J)eKT, onpe^e- 

JIHM 34)4)eKTHBHbie K09(|)(|)Hn,HeHTbI OTBG^aiOmHe nOJIHOCTbK) aHajIHTH3HpOBaHHOMy p^l^,Y 

^(3),flATB|-^j cjie^yiomHM oSpaaoM: 

df[L] = (5.17) 

Mbl BHflHM H3 Ta6jIHIi;bI mil HTO 3(i)(|)eKTHBHbie K03(J)(J)HIi;HeHTbI ^^GHCTBHTejIbHO yMeHbHIH- 

jiHCb, B cpe;i;HeM na 16-18%. 



Ta6jiHi];a III: 34)4)eKTHBHbie SHaneHHa KOScJscJjHi^HeHTOB (i^^[-L], cm. (|5.17p . npn L = 11 — 13. B flsyx 

— (3) 

nocjieflHHx KOjiOHKax npHBe^eHbi SHaneHna cooTBeTCTsyiomHx cyMM pa^a fljia [L] b cjiynae 
^ATB c "saMoposKon" KOScJxJjHi^HeHTOB Ha Nf = 5 h b cjiynae hojihoh ^ATB. 







n = 


n = 1 


n = 2 


n = 3 


^(3);flATB;5^^j 




dn{Nf = 


-5) 


1.00 


5.67 


42.0 


353 






df[L = 


11] 


0.84 


4.90 


36.1 


292 


32.01 


27.16 


df[L = 


12] 


0.83 


4.77 


34.6 


271 


28.75 


23.90 


df[L = 


13] 


0.82 


4.63 


32.8 


245 


26.07 


21.21 



<l>H3HaecKH 9(|)(J)eKT HOJIHOH aHajiHTH3an,HH pa^a ^Jia Rs{s) OTBenaeT yaeiy BKjia^OB 
HGTejib c t-KBapKaMH flajKe b oSjiacTH ^/s < 175 FsB, r^e b oSmhhoh TeopHH B03MyHi;eHHH 
flaiOT BKJia^i; tojibko naTb KBapKOB u, d, s, c m b. 11 mm bh^hm, hto 3(|)(|)eKT stot ne Maji! 
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VI. CyMMHPOBAHHE P5IAOB TEOPHH B03MyiIi;EHHH B ATB H ^ATB 
A. OflHoneTjieBbie ATB h fl^ATB {Nf = 3) 

PaccMOTpHM cjie^yiomHH pafl 

oo 

D[L]=do + J2(^na:[L] (6.1a) 

n=l 

C K034)4)HIi;HeHTaMH 

/»00 /"OO 

dn = di P{t)e-^dt, npHHGM / P{t)dt = l. (6.1b) 
io Jo 

^jia oSjierneHHa BOcnpnaTHa nocjie;i;yioiii;HX (|)opMyji mm bbo;i;hm cjie;i;yioiii;ee oSoaHaneHHe: 

{{fmp^ / fit) Pit) dt, (6.1c) 



TaK HTO (in+1 = c^i ((^"))p- PaccMOTpHM napy npHMepoB aBHoro BH;i;a (J)yHKii;HH Pit): 

• 4)yHKn,Ha P(t; tq) = 5{t — tq) npHBO^HT k K03(J)(J)Hn,HeHTaM, saBHcamHM ot nopa^Ka n 
CTeneHHbiM oSpaaoM 

dr, = diT^-K (6.2a) 

• 4)yHKn,Ha 

renepHpyeT 4)aKTopHajibHO pacTymne K034)4)Hn,HeHTbi 

dn = dic-'^^^, (6.2c) 
KOTopbie HMHTHpyiOT "jnmaTOBCKoe" noBe;i;eHHe npn Sojibinnx n ^ 1 b KBanTOBOH 



TCOpHH nOJia, CM. 



123, 124 



Bjiaro^apa oflHoncTJieBOMy pcKyppeHTHOMy cooTHomeHHio 

1 r dv 



T(n + 1) V dL 



Ai[L]=An+i[L] (6.3) 



anajiHTH^ecKHH oSpaa SToro pa^a, KaK noKaaano MnxaiijiOBbiM [87||, npe^CTaBjiaeTca cjie- 

°° // °° (-t)"- 

V[L\ = d^ + Y. ^"+1 ^"+1 = do + dAY, Jfjl [L] 

ra=0 \\n=0 ■ // p 

= do + di{{Ai\L-t\))p. (6.4a) 
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3Ta 4)opMyjia h sBJiaeTca 4)opMyjiOH cyMMHpoBaHna pa^iOB TeopHH BoaMymeHHH b ATB, 
npHHCM ona cnpaBe^JiHBa h ^Jia cyMMnpoBanHa b mhhkobckoh oSjiacTH: 



n[L\ = do + J2dn+i'^n+i[L]=do + di{{^i[L-t]))p. 



(6.4b) 



n=0 



EcjiH Tenepb paccMOTpeTb pafl, CTapTyiomHii He c 1, a c flpoGnoii CTenenn 3d)4)eKTHBHoro 
aapafla, hto HivieeT mgcto, nanpHiviep, ;i;jia niHpHHbi pacna^a — > bb, cm. 76| . 



n+l ^n+l+i. 



(6.5) 



n=0 



TO Sjiaro^apa peKyppeHTHOMy cooTHomeHHio 



r(n + z/) V dL 
KOTopoe ecTb npaivioe cjie^CTBHe (|3.11l) . mm nojiy^HM 

= do'^u + di{{X{t;l + u)))p 

rfle 

-x)"r(i + u) 



X{t- l + u) 



n=0 



r(n + 1 + z/) 



£— >t d/dL 



(6.6) 



(6.7) 



(6.8) 



HMeeTca KpacHBoe HH Terp ajibHoe npe^CTaBJieHHe ;i;jia HHTepecyiomero nac pa;i;a (16. Sp . cm. 
(i)opMyjiy (5.2.7.20) b [i25| : 



n=0 



;-x)"r(i + i/) 
r(n + 1 + z/) 



exp {x ■ u^^" — x) du . 



(6.9) 



BcnoMHHaa, hto x = t-d/dL, Tax hto onepaTop e^^ npn ^chctehh na (J)yHKn,Hio A[L\ npocTO 
CflBHracT ee apryMCHT: e^^A[L] = A[L + zt], mm hmccm 



X{t;l + iy)= [ 2ti+^ [L + t (m^/^ - 1)] dw. 
Jo 

HoflCTaBJiaa (16.101) b (16.71) . nojiynaeM OKOHHaTCJibHo: 



(6.10) 



7^,[L] = do 2l.[L] + d, du^,+, [L~t{l 
= do2l4L]+di((2li+,[L-t]))p,, 



u 



l/u 



)] 



rfle 



P 



du 



1 - nVf / I - mI/i' 
5(t) 



(6.11a) 

(6.11b) 
(6.11c) 
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OnsTb jKe, TOHHO TaKaa ace (J)opMyjia cnpaBe^jiHBa h ^Jia cyMMHpoBaHna b eBKJiH^OBoii 
oSjiacTH: 

oo 

V,[L] = doA,[L] + J2dn+iAn+i+u[L]=doA,[L]+d^{{Ai+,[L-t]))p^. (6.11d) 

n=0 

HHTepecHO OTMCTHTb, HTO B cjiy^ae (J)yHKn,HH P(t; c, 5) h3 (16.2b[ ) HHierpaji ^Jia (J)yHKn,HH 
Pu{t) B fiG.llbl) BbiHHCJiaeTca tohho, TaK hto mbi HMeeivi 

u,Fi{l-u;l-6; -t/c) T{1 + u)T{-6) iF^jl + 6 - u;! + 6; -t/c) 

^^^''^) = -6 crii + s)nu-6){c/ty ' ^'-'^^ 

r^e i-Fi — KOH(J)jiioeHTHafl rHnepreoMeTpH^ecKaa (|)yHKn,Ha KyMMepa, onpe^ejiaeMafl KaK 



^ r(a)r(6 + n)n! 
^jia ii;ejibix SHaHeHHH 5 = m > 4)opMyjibi ynpomaiOTca k BH^y 

Pu{t;m) 



(6.13) 



r(l + ^) ^2,0 



cFfl + m) 



V 

0, m 



(6.14) 



r^e GW{^z\..}) — G-4)yHKn,Hfl Menepa, onpe^ejiaeMaa KaK 



( z 



a 



1 / r(6i + s)r(62 + s) ds 



2m 



c 



Tia + s) 



(6.15) 



npH^GM KOHTyp HHTerpnpoBaHHa C Bbi6HpaeTca TaK, ^to Bce nojiioca 4)yHKn,HH r(6i + s) h 
r(62 + s) Haxo^aTca no o^ny CTopony ot nero (sHyTpH hjih cnapyjKH). 



B. FjioGajiBHasi o^HoneTjieBasi ATB b o6jiacTH MnHKOBCKoro 



Tenepb mm oScy^HM CHTyan,Hio c cyMMnpoBanHeM pa^OB b rjioGajibHoii ATB c o^hhm 
noporoM Ta>Kejioro KBapKa, (J)JieHBopy KOToporo mm Sy^eM npHnncMBaTb ananeHHe 4. JXjih 
npocTOTbi HanneM c oSjiacTH MnHKOBCKoro, r;i;e (J)opMyjibi OKasbiBaiOTca 6ojiee KOMnaKT- 
HbiMH. B 3T0M cjiynae o;i;HoneTJieBaa cneKTpajibnaa njiOTHOCTb pf^°^[L\, Tji^e L = ^(s/Ag), 
BbipajKaeTca nepea cneKTpajibHbie hjiothocth c 3 h 4 (J)jieHBopaMH, Pn[L; 3] h p„[L + A4; 4]: 

pt'[L] = pn [L; 3]e{L< U) +pn[L + A4; 4] 9 {L, < L) , (6.16) 



c A4 = In (Ai/A1),L4 = In (M| /Ai), 



Pn[L;Nf] 



Pn[L] 


n arccos (^L^j/ a/L^ + vr^j 




TT 




n 



(6.17) 



AHajiHTH3HpoBaHHbie CTeneHH 3(|)(J)eKTHBHoro 3apa;i;a b oSjiacTH MnHKOBCKoro ecTb npn 

3T0M 

00 L4 00 

= J pf ^ [L,] dL, = e{L<U) j Pn [L,-, 3] dL, + j pn [L„ + A4; 4] dL„ . (6.18) 

L L max(L,L4) 
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/^jia o;i;HoneTJieBbix cneKTpajibHbix njiOTHOCTeli, OTBenaioinHX 4)HKCHpoBaHHOMy nncjiy 
(J)jieHBopoB, pn [L] H /9„ [L] N HMGiOTca peKyppeHTHBiG cooTHomeHHa: 



Pn+l[L\ = - { ) Pn[L] 



n \ dL 



T(n + 1] 



(6.19a) 



Pn+i[L;Nf 



d 



n(3f \ dL 



1 



dL 



KOTopbie cnpaBe^JiHBbi (aa HCKjiio^eHHeM npoMe>KyTOHHbix cpe;],HHx paBencTB) ^jih n > h 
no3BOJiaiOT HaM neMe^JieHHO nepenncaTb (16 .18^ b 5ojiee nojieanoM bh^g: 



= e{L<L,) 

+ 9{L> L4) 
Hcnojibsya (I6.19P h cooTHomeHne 



Pn[L; 3] - pnj LA] 3] _^ p„[L4 + A4; 4] 



n/?3 
p„[L + A4;4] 
n Pi 



n Pi 



(6.20) 



(6.21) 



Mbi MOJKeM CBecTH (16. 20^ K npe^CTaBjieHHK), b kotopom bcs n-aaBHCHMOCTb CTanoBHTca sb- 
hoh: 



9{L< L4) 
T(n + 1) 



Ps dL 



/?3 dLi 



2li[L4;3] 



^(L > L4) f-l d ,^ ^ 



(6.22) 



TaKHM o6pa30M, oSmaa CTpyKTypa n-aaBHCHMOCTH b (16.221) ecTb npocTO Xj/r(n + 1) c Xf 
[—l/Pf]{d/dL). Ho Mbi 3HaeM, KaK TaKne aaBHCHMOCTH cyMMHpyiOTca, cm. (16. 4p : 



(6.23) 



n=0 



r(n + 1) V 



=0 ^/ 



2ti[L;iV;] = ((2ti[L-t//?;;iV^]))p. (6.24) 



CoSnpaa BiviecTe BKJiaflbi ot pasjiHHHbix ^-CTpyKTyp b (I6.22P h BCTaBJiaa hx b (16.241) mm 
nojiy^aeM otbgt: 



7^«'°'^[L] = rfo + die{L<L4)(^% 
+ di9{L>Li) 

rfle o6o3HaHeHO (c A3 = 0) 



A42li[t] 



t 



2li 



L + A4- — ;4 

P4 ■ 



(6.25) 
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ECJIH Mbl npHMGM BO BHHMaHHe BCG nOpOFH, T. G. B flOnOJIHeHHe K nOpOry L4 yHTGM TaKJKe 

noporn L5 h Lg, Tor;i;a otbgt aannmeTca b cjie;i;yioiii;eM BH;i;e 



5 6 

+ d,J2(^{Lj<L<Lf^,)J2{{^k^i[t]))p, 

f=3 k=f+l 



(6.26) 



rfle MM onpe;i;ejiHJiH ^3 = — oohL7 = +oo. 



C. rjio6ajiijHaii oflHoneTjieBasi ATB b eBKjiHflOBoii o6jiacTH 

Tenepb mbi totobm paccMOTpeTb Bonpoc o cyMMnpoBanHH pa^iOB b rjioSajibHoii ATB b 
eBKJiHflOBoii oSjiacTH 



^ do + J2dn+iAT_,\[L], 



(6.27) 



n=0 



TaKJKe cnepBa c yneTOM nopora tojibko oflHoro TajKejioro KBapKa. AHajiHTHSHpoBaHHbie 
CTeneHH 34)4)eKTHBHoro aapa^a a^ecB gctb 



L4 



Arm 



Pn [La] 3] dL„ ^ f Pn [Lg + A4; 4] dig 



1 + e 



L-L„ 



1 + e 



(6.28) 



La 



JXjih cneKTpajiBHbix njiOTHOCTeii, OTBe^aiomHx (|)HKCHpoBaHHOMy HHCJiy (J)JieHBopoB, HMeeT- 
ca peKyppeHTHoe cooTHomeHHe (I6.19ap . h3 KOToporo h cjie^yeT peKyppeHTHoe cooTHomeHHe 
(16.31) fljia H a TaKJKe cooTHomeHHa f l6.19b[ l. ^to nosBOJiaeT HaM aanHcaib 



Km = - 



Pn + A4; 4] Pn [L4] 3] 



1 d 
n dL 



/34(l + e^-^4) (3^{l + e^-L^)_ 

L4 00 

Pn [Lg] 3] dL„ f Pn [L^ + A4; 4] dLa- 



La 



(6.29) 



npoflOJi>Kaa cnycKaTbca no JiecTHHn,e n + l-^n^n — \ 

La 

1 ^ " I 

AitAL] 



1 

n\ 



d 

dL 




Pi [Lg] 3] dL„ 



+ 



. . . — >^ 1, nojiy^HM fljia n > 1 
pi [L„ + A4; 4] dig 



n-l 



k=0 



V{n - k) 
r(n + l) 



/3^(l + e-^"^-) J (32{l + e^-^- 

La 



Pn~k [La + A4; 4] pn^k [La] 3] 





d ' 






~1l 


1 + e^--^4 



. (6.30) 
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BocnojibsyeMca Tenepb cooTHomeHHeM (I6.19bp h cbohctbom d/dL = —d/dL4 ^jia 4)yHKii;HH, 
aaBHcamHx tojibko ot pasHOCTH L — L4, htoSm sanncaTb fljia n > 1: 



1 



+ 



(32 n\ 



L4 



d ' 




_~dL 


7 




—00 




00 


d ' 


n It 


~dL 


1 



Pi [L„; 3] dL„ 
1 + e^-^- 

pi [L„ + A4; 4] dL„ 



1 + e 



L-La 



<l>„_i(L,L4;3) 
+ $„_i(L,L4;4) 



(6.31) 



rfle (n > H A3 = 0) 



A;=0 



1 + e^--^* 



2/ - a; 



1 + e^--^* 



i; ^ —d/dX 
y —> d/dLi 



(6.32) 



Tor^a 



i4 



pi [L,^; 3] dL„ f + -^4; 4] dL^ 



1 f^L-La-t/Ps. 



1 _)_ gi-La-i/ft 



L4 



(n + 1)! 



$„(L,L4;4) $„(L,L4;3) 



(6.33) 



HpH 3T0M, Gjiaro^apa ( 16. 32^ . mo^kho npocyMMHpoBaTb no n b ( 16. 33^ aBHO. /JencTBHTejibHO, 
nojio>KHM a = t/(3f: 



~ Q.»+l 



n=0 



n + 1)! 



exp{ay) — exp(ax) pi(A + 



y-x 



1 + 



A^L4 



db 



pi{L4 + Xf - b) pi{L4 + Xf - a - b) 



a 



_j_ gl/— L4— a+6 ]^ _j_ gL— L4+b 

""^ Pi (L4 + A/ — ax) dx 







]^ _j_ gL— L4— aa; 

H Tenepb mm nojiynaeM Konennyio (|)opMyjiy cyMMnpoBanna pa^a (I6.1al) : 

Li 



(6.34) 



pi [L^; 3] dL^ /■ pi [L„ + A4; 4] dL^ 



I _|_ ^L-La-t/f^s 



+ 



Li 



A4[L,t] )) , (6.35) 
p 



rfle 



Pi [^/ + A/ - iV^] t _ f-pi [Lf + A^_i - tx/(3f.i- Nf_i] t 



f3j [1 + e^-^/-*^/^/] 



dx. (6.36) 
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SaMGTHM, HTO GCJIH yHGCTb BCG nOpOFH, T. G. B flOnOJIHeHHe K L4 eili;e H Lq, to KOHGHHaa 

(|)opMyjia HSMeHHTca OHeBH;i;HbiM oSpaaoM 

V-^m - ''o + E ( / 'f }} +*t«A/|i.«>- (6-37) 

rfle, KaK h panee b paa^ejie IVI Bl mbi nojibayeMCfl corjiameHHeM L3 = —00 h L7 = +00. 



D. FjioGajiBHaa o^HoneTjieBaa ^ATB 



B 3T0M pa3;i;ejie mm o6cy;i;HM o6o6iii;eHHe MCTO^a cyMMHpoBaHna pa^OB b oflHoneTJieBofi 
^ATB Ha cjiynaii rjioSajibHoii ^ATB. Mbi Sy^eM pacciviaTpHBaTb a^ecb cjieflyiomHe pa;i;bi 



n=0 
00 



(6.38a) 
(6.38b) 



n=0 



H HanneM co cjiy^aa oflHoro nopora Ta>Kejioro KsapKa (/ = 4). OaKTH^ecKH, HaM naflo 
o5'beflHHHTb peayjibTaTbi paaiiejiOB IVI Al IVI Bl h IVTCl AnajiHTHaHpoBanHbie n+l+z/-CTeneHH 
34)4)eKTHBHoro aapa^a ecTb 



21! 



L4 00 
l+i+^[L] =9{L< L4) jpn+i+u [La] 3] dLa + j p^+i+u [La + A4; 4] dL^ 



max(L,L4) 



•^n+l+AL] 



Pn+l+u [La\ 3] dL, 



1 + e 



L-La 



dLa + 



Pn+l+u [La + A4; 4] dL^ 



1 + e 



dL,, 



(6.39) 



(6.40) 



i4 



/Jjia oflHoneTjieBbix cneKTpajibHbix njiOTHOCTeii, OTBenaiomHx 4)HKCHpoBaHHOMy ^HCJiy 
(J)jieHBopoB, Pn+l+u [L] H pn+l+u [L] N HMGiOTca peKyppcHTHbie COOTHOmeHHa: 



Pn+l+u[L\ 
pn+l+u[L]Nf] 



d 



Pn+u [L\ 



n + V \ dL 
1 

{n + u) pf 

r(i + ^) 



d V 



r(n + 1 + z/) V dL 

^^Pn+u[L:N,] 



Pi+^L] ; (6.41a) 



(6.41b) 



KOTopbie cnpaBe;i;jiHBbi ;i;jia n > 0. Hojibayacb bthmh cooTHomeHHaiviH h aKKypaTHO hobto- 
paa Bce marn paa^ejia lVIBI mm nojiy^HM fljia pa^a fl6.38ap cjie^yiomHii OTBeT: 



+ d^e{L>u)ll^^+, 



+ A42li+,[t] 



t 



L + A4-— ;4 

Pi ■ 



(6.42) 
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rfle o6o3HaHeHO (c A3 = 0) 



L . 



(6.43) 



AnajiornHHaa npoii,eflypa, noBTopaiomaa ocHOBHbie inarH paa^ejia IVI CI h BbinojiHaeMaa 
fljia pafla (I6.38bl) . npHBOflHT k OTBCTy 



L4 



Vt°''[L] = do + d, 



pi+y [L^; 3] dL^ f [L^ + A4; 4] dL„ 



Af.AL,t] 



1 - 
Pi- 



1 _|_ QL~L„-t/l3-i 



+ 



\ _|_ ^L-La-t/ Pa 



+ A4;.[L,t])) ,(6.44) 



1.4 



da; 



Pi- 



dx. (6.45) 



EcjiH Mbi npHMGM BO BHHMaHHe BCG nopoFH, TO TOF^a OTBGTbi sanHiuyTca B cjie^yiomeM 
BH^e 



7^r[^]=c^o2tr[^] + d,Y,HLf<L<Lf+,)((^ 



/=3 
5 



+ d,Y,e{Lf<L<Lf+,)Y,{{Ak^i+ump^. 

/=3 fc=/+l 



(6.46a) 



/=3 „^ 

6 



X -|- ^L-La-t/l3f 



f 



+ d^J2{{^fAL,t]))p^ 

/=4 



(6.46b) 



r^e, KaK h panee, mm nojibayeMca corjiamenHeM L3 = —00 h L7 = +00. Mbi bh^hm, ^to 
3(J)(J)eKT /JATB B rjio6ajibHOM no^xo^e CBejica k saMene hcxo^hoh npoHSBO^ameii (J)yHKn,HH 
P{t) ee flpoGnbiM anajioroM Pu{t), cm. f l6.11bll . a TaKJKe TpHBnajibHbiM HSMeneHHeM hh^gkcob 
1 l + i^ y (i)yHKn,HH, BxoflflmHx nofl, 3HaK onepan,HH ycpe^neHHa {{■■■)) p^, a hmghho 2tf°''[L], 



E. IIpHJIOJKeHHSI TeXHHKH CyMMHpOBaHHil B O^HOneTJieBOH (^)ATB 

^Jia HJIJIIOCTpaii;HH B03M0>KH0CTeH paSBHTOH TeXHHKH CyMMHpOBaHHJI paflOB TeOpHH B03- 

MymeH HH B oaHonexjieBOH ATB h ^ATB coniJieMca na namy c C. MnxaiiJiOBbiM He;i;aBHioio 
pa6oTy 126| . flOJio»ceHHyio na ceMnnape, nocBaineHHOM naMSTH Hropa CojiOBii;oBa, KOTopbili 



npoxo^Hji B jia6opaTopHH TeopeTH^ecKOH (J)H3hkh hm. H. H. BorojiioSoBa 0H5IH (/J^yGna) 
17-18 aHBapa 2008 r. B btoh pa6oTe mm npoanajiHSHpoBajiH nepTyp6aTHBHbie K03(i)(J)Hn,H- 
eHTM dn flJia pacna^a xnrrcoBCKoro 6o30Ha —>■ bb, cm. paa^eji |Vl nocTpoHjiH ^jia hhx 
flOCTaTOHHO aKKypaTHyio mo^gjib (c napaMCTpaMH c = 2.4 h /3 = —0.52): 
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ocHOBaHHyio Ha npoH3Bo;i;aiii;eH 4)yHKii;HH 



H npHMeHHJiH saTGM onncaHHyio 3flecb TexHHKy o;i;HoneTJieBoro cyMMnpoBaHna k pa^y (15.130 . 
B peayjibTaTe mm noKaaajiH, hto ^Jia pacneTa niHpHHbi pacna;i;a 5o30Ha Xnrrca c TOHHOCTbio 
1% B o6jiacTH SHaneHHii ero Maccbi mn = 60 — 180 FbB^ Bnojine ^ocTaTOHHO y^eia BKjia^OB 
c K03(|)4)Hn,HeHTaMH c/q, c?i, c?2 H c^s, a yneT BKjia^a c npHBO^HT k yjiy^menHio to^hocth 
0.5%. 



VII. 3AKJIIOHEHHE 

B 3T0H paSoTe mm ;i;ajiH oSaop ochobhmx sjieMGHTOB rjioSajibHofl BepcHH ^ATB, npHHGM 
CTapajiHCb c;i;ejiaTb sto b TaKOM bh^g, htoGm HHTaTejib HMeji BOSMOJKHOCTb npHMenaTb ee 
Ha HpaKTHKe ^Jia pacneTOB peajibHbix Hpon,eccoB. 

Mm paccMOTpejiH ochobm anajiHTHHecKOH TeopHH BOSMymenHH na npHMepe pac^eTa D- 
(i)yHKn,HH Afljiepa b npocTpaHCTBeHHonofloSnoH oSjiacTH h CBaaanHoro c hhm i?-OTHomeHHH 
fljiH e"'"e~-aHHHrHjian,HH b a^poHbi bo BpeMeHHono^oSHoii o5jiacTH. Mm KpaTKO oScy^HjiH 
(|)opMajiH3M ATB B oflHoneTJieBOM npnSjiHJKeHHH ji^jisi cjiynaa (J)HKCHpoBaHHoro HHCJia apo- 
MaTOB H TaKJKe paccMOTpejiH ycjiojKHeHna, CBaaanHbie c yneTOM noporoB Taacejibix KBapKOB 
npn nocTpoeHHH rjioSajibHoli BepcHH ATB. Mm nepeHHCJiHJin neflocTaTKH ATB, CBaaaHHbie 
c HeoSxoflHMOCTbK) aHajiHTH3aii;HH Sojiee cjiojkhmx BbipajKeHHH, BoaHHKaiomHx b peajibHoii 
KX/]^ npH Hcnojib30BaHHH MeTO^OB penopMrpynnbi h (J)aKTopH3an,HH, h KaK cnoco6 hx hc- 
npaBjienna paccMOTpejiH ^poSHO-aHajiHTH^ecKyio TeopHio BOSMymenHH. Mm KpaTKO o6cy- 
flHjiH cjiynaii o^noneTjieBOH /l^ATB, oG^bacnHjiH, KaK mo>kho ^eiicTBOBaTb b cjiynae yneia 
BMcniHx neTGJib, h oGcy^HjiH rjioSajiBHMH BapnanT ^ATB, b KOTopoM y^HTMBaiOTca noporn 

TaJKejIMX KBapKOB. 

B KanecTBe o;i;Horo h3 npHJiojKeHHH ^ATB b eBKJiHflOBoii oSjiacTH mm paccMOTpejiH pac- 
HGT 4)aKTopH3yeMOH HacTH 4)opM4)aKTopa nnoHa h npo;i;eMOHCTpHpoBajiH, hto ncnojibso- 
Banne ATB h ^ATB npHBO^HT k cymecTBeHHOMy CHHJKeHHio aaBHCHMOCTH peayjibTaTOB ot 
Bbi6opa cxeMM h MacniTaGoB nepenopMHpoBKH h (J)aKTopH3aii;HH. KpoMe Toro, mm noKaaa- 
jiH, HTO B ATB H /l^ATB npoSjiGMa y^eia noporoB b nepTypSaTHBHMx pacneTax pemaeT- 
ca ecTecTBeHHMM nyieM, a nepexo;; b oSjiacTb Mhrkobckofo c noMombio ^HcnepcHOHHoro 
npeflCTaBjiGHHa ^jia 4)opM4)aKTopa nnona roBopHT o hgoSxo^hmocth HcnojiBSOBaTb b stoh 
oSjiacTH 3(|)(|)eKTHBHMe 3apa;],M Au{—s), oSjia^aiomHe mhhmmmh ^acTaMH, a ne s^^eKTUB- 
Hbie aapaflbi Ql,y{s), npHro;i;Hbie ^Jia pacneTOB nonpaBOK k ceneHHaM peaKii;HH. KpoMe Toro, 
npH TaKOM nepexofle BOSHHKaeT ecTecTBGHHoe npe;i;nHcaHHe ji^jisi MacniTaSa nepenopMnpoB- 
KH /i^ = npn KOTopoM CKaHKH MHHMOH HacTH (|)opM(|)aKTopa nnona b mhhkobckoh 

oSjiacTH coBna;i;aiOT c noporaMH po»cfleHHa nap Taacejibix KBapKOB, s^hr = 4mQ. 

B KanecTBe npHJioaceHna ^ATB b mhhkobckoh o5jiacTH mm paccMOTpejiH pacneT hoji- 
HOH HiHpHHM pacHa^a 6o30Ha Xnrrca b KBapK-anTHKBapKOByio 66-Hapy. OSjiacTb SHane- 
HHH 3HeprHH B CHCTeMG n,eHTpa Mace, HHTepecnaa ^jia SKcnepHMeHTa, a^ecB o^ghb BejiHKa, 
a/s > 100 FbB. HosTOMy peayjibTaTM /l^ATB c Nf = 5, OTBe^aiomne nepenocy 7r^-BKjia;i,0B 

H3 K03(|)(|)Hn,HeHT0B TGOpHH B03Myni,eHHH B aHajIHTH^eCKHG 3(J)(J)eKTHBHMe Sapa^M ^n+u, 

HpeKpacHO corjiacyiOTca c peayjibTaTaMH CTanflapTHOH Teopnn B03MyHi;eHHH yme na ypoBHe 
flByxneTJiGBoro npnGjinaceHHa. B to jkg BpeMa, peayjibTaT rjioSajibHofi BepcHH ^ATB otjih- 
naeTca ot hhx na ypoBHe 14%, hto CBaaano c yneTOM 34)4)eKTOB BnpTyajibHbix t-KBapKOB b 
neTJieBMx nonpaBKax. 
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HaKOHen;, mm oScy^HJin cyMMnpoBaHne HecTeneHHbix pa^OB Tnna Y2n dn^n+u [L] h 
'^^dnAn+v[L\ B ATB (c 1/ = 0) H ^ATB (c z/ 7^ 0). Mm npo;i;eMOHCTpHpoBajiH b oflHO- 
neTJieBoii ATB, KaK TaKoe cyMMHpoBaHne mojkho npoBecTH tohho (stI h BMpasHTb otbgt b 
BH^e HHTerpajia ot Ai[L — t] no t c bgcom onpe^ejiaeMbiMH K034)4)Hn,HeHTaMH nep- 

TypSaTHBHoro pa^a dn- Mbi noKaaajin, ^to anajiorH^Hoe cyMMHpoBaHne mo>kho npoBecTH 
H B cjiy^ae o^HoneTjieBoii /JATB: npH stom cyMMa pa^a ^^dnAn+v[L\ Bbipa>KaeTca TO>Ke 
HHTerpajiOM no t, no y>Ke ot Ai+i,[L — t\ n c MOfln4)nn,npoBannbiM bgcom Pyit). Mm nojiy^n- 
jiH TaKJKe ocHOBHbie (J)opMyjibi rjio6ajiH3an;HH (yneTa noporoB TajKejibix KBapKOB) fljia bthx 

MGTOflOB CyMMHpOBaHHa B ATB H ^ATB. 

B KanecTBe bosmojkhmx nanpaBJienHH pasBHTna BToro noflxo^a xoneTca OTivieTHTb: 

• HpnivienenHe /JATB b anajinae ^annbix rjiySoKO neynpyroro pacceanna; 

• HpaMenenne ATB n /l^ATB ^jia anajinaa cyMMnponanna nepTypSainnnbix nonpanoK 
K pasjiH^nbiM npon,eccaM. 

• 06o6in,enne lexnnKn cyMMnponanna pa^on b ATB n /l^ATB na flByxneTjienon cjiyaaii. 



Bjiaro^apHOCTH 

Abtop 6jiaroflapeH cbohm flpysbaivi h coaBTopaivi C. MnxafijiOBy h H. CTec^Danncy sa no- 
nHManne n no^^epacKy, 6e3 KOTopMx STa pa6oTa nnKor^a ne 6bijia 6bi aanepmena. 51 Taxace 
npnanaiejien H. AnnKnny, O. Tepaeny n /J. B. IIInpRony 3a njio^OTBopnbie o6cy>KflenHa 
H n,ennbie coneTbi, K. FeKe n H. CTe4)anHcy 3a Tenjibin npneM b PypcKOM ynnnepcHTe- 
Te BoxyMa, r^e 3Ta pa6oTa 6bijia naaaia n aacTnano peajin30Bana. Pa6oTa Bbinojinena npn 
nofl^epacKe rpanTOB POOH JY2 06-02-16215, 07-02-91557 n 08-01-00686, nporpaiviMM coTpyfl- 
nnaecTBa BPOOH-OHi^H (KOHTpaKT JVs F06D-002), rpanTOB 2007-2008 rr. nporpaiviMM 
reH3eH6epr-JlaH;^ay h rpanTa DFG (npoeKT DFG 436 RUS 113/881/0). 



IIpHjiojKeHHe A: ^ByxneTjieBbie penopMrpynnoBbie pemeHHsi fljia 3(i)(J}eKTHBHoro 
sapsifla B KX^ 



1. Pa3Jioa<;enne /5-4)ynKn,nn ^aeTca npanon aacTbio cjie^yiomero ypannenna 
dL V47r/ 



rfle L = ln(/iVA^) h 



bo = yCa-^TkAT^; h = ^ Cl - (^4C^ + Cj,j T^Nf, 

+ ^-§CA{T^Nf)\ (A2) 

npnaeM Cp = {N^ - 1) /2A^c = 4/3, Ca = = 3, Tr = 1/2, n Nf o6o3naaaeT ancjio 
aKTnnnbix (|)jieHBopoB KnapKOB. CooTBGTCTByiontee ^ByxneTjienoe ypaBnenne PF ^jia 3(|)- 
(|)eKTHBnoro 3apafla a = Bq a^/ (An) 

d(i(2) 2 r 1 ^1 

-j^ = -0(2) [1 + ci a(2)J , rfle ci = ^ . (A3) 
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HHTerpnpya no L, mojkho noKaaaTb, hto a(2)[-f'] yflOBJieTBopaeT cjie;i;yioiii;eMy HejiHHeflHOMy 
ypaBHeHHK) 



1 

a(2) 

TOHHoe pemeHHe KOToporo nsBecTHO 

a(2)[L] = 



Ci In 



J(2) 



_1 + cia(2)_ 



(A4) 



35, 53 



c,l + W.,{zw{L)) 



(A5) 



rfle zw{L) = (1/ci) exp (—1 + in — L/ci), a Wk, k = 0, ±1, . . ., oSoanaHaiOT bgtbh mhoto- 
snaHHOH (J)yHKn;HH JlaiviGepTa W{z), onpeflejiaeMoii KaK pemenne ypaBnenna 



z = W{z)e 



W{z) 



(A6) 



063op CBOHCTB 3T0H cnen,HajibHOH 4)yHKn,HH MO>KeT 6biTb naiifleH b 35|, l36l . Il27l | . SaivieTHM 
3;i;ecb TaKJKe, hto 3Ta 4)yHKn;Ha onpe;i;ejieHa b nanecTHbix nporpaMMax CHMBOJibHbix pacne- 
TOB Mathematical^ n Maple. 

2. PaajiojKenne pemenna ci{2)[-^] ypaBnenna flA3P no oflnoneTJienoiviy pemennio a = 1/L 
B O(a^) -nopa;i;Ke CTponTca cjie;i;yioni;nM oSpasoM. Cnanajia mm nepenncbinaeM ypaBnenne 

([AH B BHfle 



0(2) = $(2) (a,a(2)) 



1 + Cia [ln(l + Cia(2)) - lna(2)] 



(A7a) 



a 3aTeM nojiynaeivi ero pemenna MeTo;i;oM nTepan;nn: 



„l-iter 
0(2) 



$(2) (a, a) , agf - = $(2) (a, aj^f^) , ag* - = $(2) (a, agf-) . (A7b) 



TpeTbeii HTepan,HH ^ocTaTO^no, htoGm nojiynnTb aaieM npaBHjibnbie K03(J)(J)Hn,HeHTbi paa- 
jioJKenna a(2) b pa^ no a b 0(a^)-nopaflKe h3 Bbipaacenna (lA7bl) : 



1(2) 



a + Ci In a + (in^ a + In a — l) 

+ (^In^ a + ^ In^ a - 2 Ina - + O (c^) . (A8) 

3. PaccMOTpnM Tenepb nonpoc, nacKOJibKO xopomo cneKTpajibnbie njiOTnocTn p[^^'*'^[Lct] 
n p^^"*'*'^ [Lcr] , OTBeHaioni;ne nTepan;nonnbiM pemennaM (lATbO . npnSjinjKaiOT Tonnyio cneK- 
Tpajibnyio njiOTnocTb p[^^[Lo-]. CTponivi cnanajia cneKTpajibnyio njiOTnocTb l-n nTepan;nn: 



1 sin[v'f2)M^c 



TT 



"(2) 



[L + Ci lnr[L]]' + [vr + Ci0[L]]', 
L + Ci In r [L] 



arccos 



(A9a) 

(A9b) 
(A9c) 



B BepcHax 3, 4 h 5 naxeTa Mathematica (jjyHKiiHfl Wk{z) o6o3HaHaeTca HMeneM ProductLog[fc, z]. 
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rfle 



r[L] 



[L + cif + TT^; (t>[L] = arccos 



L + Ci 



(A9d) 



3Ta cneKTpajibHaa njiOTHOCTb OKasbiBaeTca flocTaTOHHO 6jih3koh k tohhoh hjiothocth 
Pi (cr): MaKCHMajibHoe OTJinnne HivieeT nop5i;i;oK 5%, cm. jieBbifi rpa(J)HK na pnc. [151 Te- 
nepb oGpaTHMca k npnGjiHJKeHHOMy pemeHHio, renepHpyeMOMy BTopofi HTepai^nefl flATbl) . 
Oho ^aeT HaM TaKne njiOTHOCTb, MO^yjib h (|)a3y: 

1 sin[<^;*2f [L,]] 



r^e 



R[L] 

m 



[L + Ci \nR[L]f + [n + Ci^L\]\ 



arccos 



L + ci In R[L] 



[L + Ci + Ci \nr[L]f + [n 
L + Ci + Ci \nr[L] 



cimr 



arccos 



R[L] 



(AlOa) 

(AlOb) 
(AlOc) 

(AlOd) 
(AlOe) 



3Ta cneKTpajibHaa njiOTHOCTb OKasbiBacTca ropaa^o 5jiH>Ke k tohhoh, Pi (cr): OTJinnne b 
oSjiacTH MaKCHMyMa hmcct nop5i;i;oK 1%, cm. npaBbiii rpa(|)HK na pnc. | 



0.1 


/ / 


V 

V, 


. 1 


. 09 


/ / 
/ / 
/ / 


\\ 
\\ 


0.09 


. 08 


/ / 
/ / 
/ / 
/ / 


\\ 
\\ 
\\ 


0.08 


0.07 


/✓ 
// 


\\ 
\\ 
\\ 


. 07 


0.06 


// 

/y 


\\ 
\\ 
\\ 


.06 


. 05 






. 05 



Phc. 15: CpaBHeHHe cneKTpajibHbix njioTHOCTeii, OTse^aioinHx l-ii (cjieBa) h 2-ii (cnpasa) HTepaiiHHM l|A7b|) . 
c TOHHoii cneKTpajibHoii flByxneTjieBoii njiOTHOCTbio. IIlTpHxoBaHHaH Kpacnaa jihhhh OTBe^aeT na jieBOM 
rpaiJiHKe p^^^'* ^[^o-], cm. (|A9p . a na npaBOM rpa(|)HKe — Pi^''* ^[^o-li cm. l|A10p . b to BpeMH xax cnjiomnafl 
CHHafl jiHHHfl Ha 060HX rpa(J)HKax npe^CTaBJiaeT p\ [La], cm. I|3.16p . ^Jia jiyHinero cpaBHeHHa noKasana Ta 
oSjiacTb 3HaHeHHii L^, r^e OTJiHHna cpaBHHBaeMbix njiOTHOCTeii MaKCHMajibHbi. 



IIpHjiojKeHHe B: TpexneTjieBbie penopMrpynnoBbie pemeHHsi fljisi 3(J)(J)eKTHBHoro 3a- 
psifla B KX^ 

1. B TpexncTJiCBOM npnSjiHJKeHHH /?-(J)yHKii;Ha 3a;i;aeTca cjieflyiomHM BbipajKCHHeM 
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CooTBeTCTByioin;ee TpexneTJieBoe ypaBHenHe PF ^Jia 34)4)eKTHBHoro aapa^a TaKOBO 



da 



(3) 



dL 



-«(3) [l + ci a{3) + C2 ajs)] , r;],e C2 = -I . 



(B2) 



HnTerpHpya no L, mojkho noKaaaTb, hto (3(3) [-Z^] y;],OBjieTBopaeT cjie^yiomeMy HejiHHenHOMy 
ypaBHeHHK)^^ 



L = h Ci In 

0(3) 



1(3) 



1 + Cia(3) + 



(3), 



+ 



- 2C2 



In 



2 + (2(3) I Cl - V Cf - 4C2 



2 + 0(3) (ci + ^Jcl - Ac-, 



(B3) 



To^Hoe pemenne BToro ypaBnenna HensBecTHO, noBTOMy ^jih ero npHMenenna oGbi^ho hc- 
nojibsyiOT HHCJieHHbie MeTOflbi noncKa pemeHnii hjih paajiojKeHne no a = 1/L b o6jiacTH 
GojibniHX L: 



1(3) = a + Cl In a(i) + [cf (in^ a + In a — l) + C2] 
+a 

+0 (a^ In^ a) . 



cl (in^ a + ^ln^a — 2 In a — - ) + 3c2Ci In a 



(B4) 



2. PaccMOTpHM 3;i;ecb pemeHne PF ypaBHenna fljia 34)4)eKTHBHoro aapa^a b mojijk^vi- 
n;HpoBaHHOM no Ha^e TpexneTJieBOM npHSjiHJKenHH b KX^ |33l . l34l |. r^e /?-(|)yHKn;H5i (lAlll 
aa^aeTca Tax: 



1 



61 aj{4n) 



6o(l-&2 as/(46i7r))_ 



(B5) 



JlerKO BHfleTb, hto nepBbie Tpn HJiena b paajio^Kennax fIBlj) h (IB5I) coBna^aiOT, saTO nx 
acHMnTOTHKH npH a — » 00 coBepnienno pasjiHHHbi: /?(3)(a) ~ —a^ h /3(3_p)(a) ~ — a^. Coot- 
BeTCTByioin;ee PF ypaBHenne (IB2I) MOflH(J)Hn;HpyeTca k BH^y 



da 



(3-P) 



dL 



'(3-P) 



1 + 



Cl 0.(3-P) 



(C2/C1) 0(3. 



P)J 



(B6) 



Ero pemeHHe, KaK neTpy^no yGe^HTbca, HMeeT bh^ 



1 



a(3-p) 



+ Cl In 



a(3-P) 



1 + (ci - C2/C1) a(3_p) 



(B7) 



KOTopoe OHGHb noxojKG HO 4)opMe na (IA4I) . Hey^HBHTejibno nosTOMy, hto tohhog pemeHne 



(IB7I1 TaKJKe mojkgt 5biTb BbipajKeno nepea ^yhkujik) JlaiviSepTa W{z), a hmghho: 



Cl l-c2/c? + iy_i(ztJ-^^(L)) 



(B8) 



3aMeTHM, HTO fljia A^/ = 3, ci ~ 0.624, C2 ~ 0.883, Tax hto — 4c2 — —2.908 < 0. Tgm ne Menee, npasafl 
^acTb l|B3p sanHcana b TaxoM BH^e, ^to ona ocTaeTca ^hcto BemecTBeHHoii h b stom cjiyHae. 
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rfle z^~^\l) = (1/ci) exp [—1 + ivr + C2/cf — L/ci]. OTHOCHTejibnaa TOHHOCTb BToro peme- 
HHs B cpaBHeHHH c HHCJieHHbiM pemeHHeM CTaHflapTHoro TpexneTJieBoro ypaBneHna (|B2l) 
jiyHine 1% ji^Jisi L > 7 (h JiyHine 0.5% fljia L > 9). 

3. ^Jia MOflH(J)Hii;HpoBaHHoro no na;i;e TpexneTJieBoro npnSjiHafeHHa cooTBeTCTByioiuHe 
cneKTpajibHbie njiOTHOCTH onpeflejiaiOTCfl c noMombio (IB8I1 



Ri3-F)[L] 



l_ sin[t/ v9(3_p)[L^]] 
^ (%-P)[^.])' 
ci + 



.(3-P) 



(L — in 



99(3_P)[L] = arccos 



Re 



-R 



(3-P) 



ci il-C2/cj+[4''\L 




(B9a) 
(B9b) 

(B9c) 



Cjie^yiomHe HBHbie BbipajKenHH ^jih anajiHTH^ecKHx oSpaaoB 9(|)(|)eKTHBHoro aapa^a ^jia 

oSjiaCTH MHHKOBCKOrO 



1 

71 



TT 



Ci - C2 



Im 



+ 



C2 



Im 



CI - C2 



In ( 1 - ^ + VTi (z. 



(BIO) 



c = 6bijiH nojiynenbi Marpa^ae 36 1. OTHOCHTejibnaa TonnocTb bthx pemennH no 

cpaBnennio c peayjibTaiaMn nncjiennoro nnTerpHpoBanna oGbinnoii, neMOflH4)Hn,HpoBaHHOH 
no ria^e, cneKTpajibnon njioraocTH p\ [La-] OKasbinaeTca jiynme 0.25% npn Lg > 2. 



IIpHjiojKeHHe C: 3BOjiioii,Hii nnoHHofi AP 



AP nnona 3BOJiion;HOHHpyeT c HaMe neHneM M acmxaGa HopivinpoBKn /x^ b cooTBeTCTBnn c 
ypaBHenneM ^BOJIIO^HH EPBJl 0, H ^M, [Toil 



a In /ip u 



(CI) 



Ffle V^(x, M, as) — nepTypSaTHBHO paccHHTbiBaeMoe a;i;po 3BOJiion;HH, KOTopoe b Be^ymeivi 
0(as)-nopaflKe nivieeT bh^ 



V{x, u, as 



as 
A-n 



(C2) 



Pemenne btofo ypaBnenna b Beflyni;eM nopa^Ke ecTb (I4.7l) - (l4.8p . y;i;o6HO npeflCTanjiaTb AP 
(p.,^{x,n'^) B BH;i;e paajio^Kenna no nojinnoMaivi FerenSayspa C^^^(2x — 1), KOTopbie anjiaiOTca 
coScTBennbiMH (J)yHKn;HaMH a;i;pa 3BOjnon;HH EPBJl b Be;i;yni;eM nopa^Ke, Vq, t. e. 



(Pn{,x, /i^) = 6a;(l — x) 



l + 5Za2r„(/i')C2l'(2x-l) 



m=l 



(C3) 



Hpn 3T0M Bca aaBHCHMOCTb OT fi'^ nepexo^HT b K03(J)(J)Hn,HenTbi pa3Jio>KenHa am{p'^)- HivieeT- 
ca pasjioJKenne anoMajibnbix pasMepnocTen, asjiaiontHxca coScTBennbiMH ananennaMn a^pa 
Vo, no CTenenaM a^: 



7n(as) 



4^7n + • • • , 



(C4a) 
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rfle aHOMajibHbie pasMepHOCTH Be^ymero nopa^Ka ecTb 



7i°) = 2Cp 



{n + l){n + 2) 

c 5*1 (n + 1) = Xiri^l/"^ — V'l^ + 2) — '^/'(l), a (i)yHKii;H5i ip{z) onpeflejiena KaK ip{z 
d\n.T {z) / dz . 



(C4b) 



IIpHjiojKeHHe D: PasjiojKeHne CKajiiipHoii -D-4)yHKij,HH 



riepBbie Tpn K03(i)(i)Hii;HeHTa di, d2, d^ paajiojKeHna Ds-^jhkujiii flbyx CKajiapnbix KBap- 

KOBblX TOKOB, 



1 + J2dn(- 

n>0 ^ 



TT 



SbiJiH paccHHTaHbi B |85|] h paBHbi 
17" 



di — Cp 



4 

691 9 



C(3) 



_ 64 4 
23443 239 



893 31 



64 



C(3) 



768 



16 



C(3) + ^C(5) 



13153 1089 



65 
16 



+ C(3) 



(Dl) 



(D2a) 



(D2b) 



192 



32 CP) + ^«5) 



3894493 2329 25 

C(3) + — C(5) 

62208 96 ^ ' 48 ^ ^ 



-f + f C(3) + ^C(4)-5C(5) 



+ TrAT^CfCa 



-^ + ^C(3)-^C(4) + ^C(5) 
972 3 ' 4^^ ^ 6^^ ^ 



+ tIn]Cf 



15511 
3888 



-C(3) 



(D2c) 



Ko3(|)(|)Hii;HeHT d^ SbiJi nojiyneHO cobcgm He;i;aBHO b [8j|: 
(i4 



520771 65 1 5 

559872 + 432 ^(2)+ 144 18 



+ Nf 



5015 



220313525 11875 , 5 , 25 , 

C 3 + - C 3 + — C 4 

2239488 432 ^ 6 ^ ^ 96 ^ ^ 432 



C(5) 



+ N' 



1045811915 5747185 ,,^, 955 9131,,,, 41215,,^, 

+ C(3) C 3 C(4) + C(5) 

373248 5184 ^ 16 ^ ^ 576 ^ ^ 432 ^ 

2875 , 665 

10811054729 3887351 ,,^, 458425 ,2 /ox 265 ,,,, 373975 ,,^, 

C(3) + C (3) + C(4) + C(5) 

324 ' 432 ^ ^ ^ 18 ' 432 ' 



497664 



"^^,C(6)-Hil5c(7) 



32 



768 



(D2d) 
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IIpHjiojKeHHe E: AHOMajibHbie pasMepnocTH h 3BOjiioii,Hii KsapKOBbix Mace 



1. Ko3(J)(J)Hii;HeHTbi 7j onpe;i;eji5iiOT pasjiojKeHHe aHOMajibHofl paaiviepHOCTH KBapKOBofi 
Maccbi anajiornHHO TOMy, KaK sto Cflejiano b (lAlll no OTHomeHHio k pasjiOiKeHHio /3-(|)yHKn,HH, 

a HMGHHO, 



^In (m[L]) = 7mass 



47r 



i>0 



47r 



Hx aBHbie BbipajKeHHa TaKOBbi, cm. |128lJ . 

7o 
71 

72 



3Cf ; 




"202 


— Nf 
9 ^_ 




1249- 


/2216 
V 27 



+ C(3) ]Nf A^- 

V 27 3 7 ^ 81 ^ 



140 



(El) 

(E2) 
(E3) 

(E4) 



73 



4603056 ^ 135680^|3j _ ^^^^^^^ 



162 27 
/91723 , 34192 



27 



+ 



9 



C(3) - 880C(4) - ^C(5) ) Nf 



9 



+ 



332 64 



243 27 



(E5) 



r^e oSosHanaeT C-(J)yHKii;Hio PniviaHa. 3bojiioii;h5i m(^i){Q'^) b Z-neTJieBOM npnGjiHJKeHHH 
onncbiBaeTca cjie;i;yioiii;HM o6iii;hm pemeHHeM ypaBHenHii PF 



^1){Q^) = ^l)if^^) exp 



"s(m2)/(4^) 



2 . 2x K(g^)]'^°/(/)(c^.(Q^)) 



,7o 



(E6a) 
(E6b) 

(E6c) 



H 4)yHKii;Ha /(;)(q;s), aa^aBaenaH 



exp 



/7ii)(x) 70 



X 



dx 



(E6d) 



aKKyiviyjiHpyeT 34)4)eKTbi MHoroneTJieBoii (nanHHaa c ^^ByxneTJieBoii) 3bojiioii;hh m^;-)(Q^) 
c Q^. B o^iHoneTJieBOM npnSjiHJKeHHH (/ = 1), f{i){cts) no onpeflejieHHio 3a;i;aeTca paBHOii 
e;i;HHHii;e. C flpyrofl CTopoHbi, npn / = 2 h / = 3 mm HMeeM 



[1 + Si a, 



hi cibo 



4tt 



^1 



2 ( ^ - — 

bi bo 



(E7) 
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H 



rfle 



/(3) (as) = [l + 6ias + S2 afl """^ exp 



z/21 arccos 



1 + 5i as/2 



167r26o 



. 72 7o 
02 Oo 



1^21 



-2 61 



Jl_2— + — 
62 &i feo 



(E8a) 



(E8b) 



^jia Hac BajKCH cjiynaii PF ypaBHeHna fljia BcbAeKTHBHoro aapa^a b Mo;i;H(|)Hii;HpoBaHHOM no 
ria^e TpexneTjieBOM npnSjiHJKeHHH b KX/J |33l. l34l|. r^e /3-(J)yHKn,Hfl aa^aeTCfl ypaBnenHeM 
(IB5I1 . B 3T0M noflxo^e anajiorHnHbiM oSpaaoM aa^aeTCfl h anoMajiBHaa pasMepnocTb: 



(3-P) / ^ 
/mass 



4:71 



7o + 



7i tts/ (47r) 



72 as/(47i7r)_ 



Torfla 4)yHKii;Ha /(3-p) (cis) oneHb nanoMHHaeT f(2){0's)' 

/(3-P)K) = [l + 522«s]^^^ [l-523«.]'^^ 

rfle (HanoMHHM: Ci = &1/&0 h C2 = ^2/^0) 



^22 



C2 



47rci 



^^22 



Cl 



2 7r5. 



22 



71 



72 



Z^23 



71 



47r((522 + ^23) 

Cl 1 



7o 



(E9) 

(ElOa) 

(ElOb) 
(ElOc) 



4vr7i ' " 2 71^23 \4 7r(522 + ^23) ^0, 
BBOfla peHopMrpynnoBoii HHBapHanT cm., HanpHMep, (tiI . 129l |. 

So = "^(/)(/^^) {[as(^^)]''° /(0("^(^^))}~^^^ ' (Ell) 
M05KH0 nepenncaTb (lE6bp b BH;i;e 

ml)iQ') = mj) [a,{Q')Y° Mas{Q')) . (E12) 

Otmcthm, ^to fljia nojiiocHOH Maccbi 6-KBapKa, paBHoii 4.07 FbB, penopMrpynnoBbie hh- 
BapHaHTbi m(2) = 8.012 FaB h m(3_p) = 7.995 FbB. PaajiojKenHe f{i){x) b TpexneTjieBOM 
npH5jiH>KeHHH ecTb (oho o^ho h to me KaK b oSmhhoh TpexneTjieBoft cxeMe, Tax h b ee 
n a^e- MOflH(J)HKan,HH) 

"71 7o~ 



/(3)( 



vr 260 V^i ^0 



+ 



ai bf 



16 6;^ 



To 
bo 



71 
&i 



+ 2 



/ 70 




&0&2 


^72 


70 \ 








U2 


bo) 



+ O {al) , (E13) 



HTO HaXOaHTC a BO B3aHMH00flH03HaHH0M COOTBGTCTBHH C (J^OpMyjIOH (15), nOJiyHeHHOH Hg- 



TbipKHHblM B 
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